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PREFACE
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: Dr. William F. Marcuson II1I, Chief, GL; and Dr. Paul F. Hadala, Assis-
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verted to metric (SI) units as follows:
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square feet 0.09290304  square metres
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CONSOLIDATION OF SOFT LAYERS BY FINITE STRAIN ANALYSIS

PART I: INTRODUCTION

1. The importance of the ability to accurately predict the con-
solidation behavior of soft clay deposits is manifest in the millions of
dollars spent annually in the disposal of materials dredged from the
nation's waterways and wastes of the mining industries involved in phos-
phate and other mineral ore production. To adequately design the catch-
ments necessary to hold these vast quantities, knowledge of the rate of
settlement of the clayey material is required. The economics of the
disposal operation dictates that each specially constructed area be used
to its fullest potential. Therefore, estimating the consolidation in
each area is a prerequisite to determining the overall area needed to
support a specified application rate.

2. Methods currently available for computing the potential set-
tlements of soft clay deposits as a function of time are based on both
empirical and theoretical relationships. This report will deal prin-
cipally with the theoretical aspects of consolidation and their applica-
tion to the settlement of soft clay deposits under self-weight loading
(although the theory and techniques employed are equally applicable to
other types of loading as will be shown in a practical example). It
should be noted here that the method to be presented is limited to one-
dimensional consolidation of saturated clay deposits which in actuality
is no limitation when applied to the large wet disposal sites in current
use. Other limitations will be discussed as they apply to particular
solution techniques, but in general the theory will require only that
the clay deposits be homogeneous in material type.

3. The first theory enabling the prediction of one-dimensional
consolidation in soils was published by Karl Terzaghi in 1924. The
simplifying assumptions adopted for this original theory were such that
its applicability was effectively limited to the consideration of re-
latively stiff thin layers at large depths. For example, the assumption




that there is a constant relationship between void ratio and effective
stress and that permeability does not change within the consolidating
material is valid only when the ultimate change in effective stress is
small in comparison to the preconsolidation effective stress. Because
settlements in soft clay deposits such as dredged fill where strains
greater than 50 percent are not uncommon, the assumption of small
strains negates the usefulness of Terzaghi's theory unless soil param-
eters and layer thickness are continuously updated.

4. The usual form of Terzaghi's governing equation (Terzaghi and
Peck 1967) is

ou _
ot © (1)

where u is the excess pore water pressure and <, is the coefficient
of consolidation. The independent variables are time, t , and the ver-
tical space coordinate, x . Even though this differential equation has
limited applicability to the general problem of soil consolidation, it
has remained the popular choice among geotechnical engineers because it
is the simplest equation and is taught in all basic soil mechanics
courses. Solution of the Terzaghi equation is simplified because it is
linear and the same as the heat conduction equation for which analytical
solutions for a multitude of boundary conditions are available (Carslaw
and Jaeger 1959).

5. Many authors have offered alternatives to Equation 1 to better
simulate the actual behavior of soils. Schiffman and Gibson (1964) as-
sumed that permeability and the coefficient of volume change were known

functions of depth and derived the governing equation as
+ s = (2)

where k 1is permeability, Y, is unit weight of water, m is coeffi-
cient of volume change, and other terms are as defined previously.

Davis and Raymond (1965) produced a nonlinear theory of consolidation by

assuming a constant logarithmic relationship between void ratio and




effective stress. Their governing equation is

I E S N 2 S T M B L .
“v1a’ x2 o IX 9% o' ot

where o' 1is vertical effective stress and other terms are as previously

defined. Other theories or variations include the works of Mclabb
(1960) and Mikasa (1965). However, all of these variations to the
original Terzaghi equation have their own unique limitations and are not
suited for application to large deposits of soft dredged fill or mine
tailings.

6. While the equations of McNabb and Mikasa did allow for large
strains, the first completely general theory of one-dimensional consoli-
dation in soils was published by Gibson, England, and Hussey in 1967.
Their governing equation, which will be fully developed in the next

section, is

Y '
s _ )4 |k(e) 1 3e 3 | k() do’ dej  Dde
(Yw l> de [1 + e] 9z + 0z [Yw(l + e) de Bz] + ot a %)

where Yo is the unit weight of solids, e is void ratio, 2z 1is a
material coordinate to be explained later, and other terms are as de-
fined previously. The consolidation equation in this form is particu-
larly suited for application to thick soft clay deposits because it
intrinsically includes the effects of self weight, permeability varying
with void ratio, and a nonlinear void ratio-effective stress relation-
ship. It also is independent of the degree of strain which is the key
reason it is suitable for thick soft clay deposits susceptible to large
settlements. Hereinafter, Equation 4 will be referred to as the finite
strain theory while Equation 1 and its variations will be referred to as
the small strain theory.

7. The fact that Equation 4 is a completely general theory of one-
dimensional consolidation was demonstrated by Schiffman (1980) when he
showed that the small strain theory and its principal linear and nonlin-
ear variations are all special cases of the finite strain theory. Prac-

tical application of the theory and a comparison of results with those
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of the small strain theory were presented by Gibson, Schiffman, and
Cargill (1981). Using conventional laboratory data for a soft marine
deposit, they demonstrated that faster and larger settlements are pre-
dicted by finite strain theory although predicted dissipation of excess
pore water pressure may be slower than that predicted by the small
strain theory.

8. The next part of this report will document the development of
the finite strain theory governing equation along with the initial and
boundary conditions necessary for its solution. The solution technique
to be employed is an explicit finite difference scheme which will then
be illustrated in a manner suitable for computer programming. The com-
puter program CSLFS (Consolidation of Soft Layers, Finite Strain) will
be used to solve a practical dredge fill consolidation problem and a

soft foundation consolidation problem to illustrate the capabilities of

the program. A user's manual for CSLFS is included in Appendix A.
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PART II: FINITE STRAIN FORMULATION
OF ONE-DIMENSIONAL CONSOLIDATION

9. The basic assumptions necessary for the development of the
theory of one-dimensional finite strain consolidation are:

a. The soil system is saturated and consists of a compres-
sible soil matrix and incompressible pore fluid. While
the soil matrix is considered compressible, individual
soil particles are incompressible.

b. Pore fluid flow velocities are small and governed by
Darcy's law.

It)

There is a unique relationship between soil permeability
and void ratio such that

k = k(e) (5)

d. There is a unique relationship between vertical effective
stress and void ratio such that

o' = o'(e) (6)
e. The material is homogeneous as to type.
These conditions are only slightly restrictive and imply monotonic load-
ing. The usual assumption made in the small strain theory restricting

the magnitude of strain is not made here.

Coordinate System

10. The election to allow unlimited strain makes the use of a
fixed coordinate system impractical due to the relatively large movement
of the top boundary of the consolidating layer. To simplify the re-
quired mathematics, a coordinate system which moves with the layer is
needed. This condition is satisfied when the coordinates are defined in
terms of the volume of solid particles in the layer, which happens to be
a constant quantity. These material or reduced coordinates (Ortenblad

1930) are uniquely suited for use in the time-dependent consolidation

10

A e I




problem because they are time independent and independent of the amount

of strain.

11. Before material coordinates can be employed, however, a rela-
tionship must be established between these coordinates and the more
conventional methods of thickness measurement. Consider the soil element
shown within the consolidating layer in Figure 1. At time t = 0 the
initial configuration is given in what will be called Lagrangian coordi-
nates. This system is related to 'real" measurements at t = 0 . For
time, t , during the consolidation process, 'real" measurements are
made in terms of a convective coordinate system which is a function of

the Lagrangian coordinate and time. I

ot~
4
% %"ag
g g EOX’%OG Qo
6a v
N S g sl F 28 %g E(ag,t)
bb‘t::?qﬁ’ s
a
-a=0 &la,t)
LAGRANGIAN CONVECTIVE
COORDINATES (a) COORDINATES (&)
t=0 +>0

Figure 1. Coordinate systems

12. Both Lagrangian and convective coordinates are a measurement

of the soil system, which includes both solid soil particles and the

pore fluid. As previously stated, the material coordinate is a measure
of the volume of solid particles only. A comparison of these three
systems is illustrated in Figure 2. As shown in the illustration, only
the Lagrangian and materisl coordinates are constant for all time for

particular points in the soil layer. It is, therefore, convenient to

develop the governing equation in terms of either of these systems. The ]

»
Sa A e

material coordinates will be used here.

13. Since material coordinateg are not measurable in the usual

11
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QLG 6 3 IO
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0 0o 0 00
t =0 t=¢,>0

Figure 2. Comparison of coordinate systems

sense, it is necessary to develop a method of conversion from one coordi-
nate system to another so that the layer thickness may be expressed in
easily understood conventional units at any time. Consider the differen-

tial elements of soil shown in Figure 3. 1If these elements are chosen

N i -1z

“
t=0 t>0 t=08+>0
LAGRANGIAN CONVECTIVE MATERIAL

Figure 3. Differential soil elements H

such that they encompass a unit volume of solid particles, then

-

; da=1+ e, 7 5
v . 4 i
. i
. df = 1 + e (8)
and
i ) C
12 §
1
i §
1
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dz =1 9

where e0 is the initial void ratio and e is the void ratio at some

later time during consolidation. By simple ratios

dz = 1
da 1+e (10)
o
e _
P 1+e (11)
and
de _ 1+ e
da 1+ e (12)
o
Thus conversion from one coordinate system to another can be accom-
plished by simple integration such that
a
_ da
z ‘[l + e(a,0) (13)
0
and
z
g =[[l + e(z,t)] dz (14)
0

These relationships will be used extensively throughout the remainder of
this development so that equilibrium and continuity conditions may be
expressed in the most easily understood manner and then transformed into

the material coordinate system for the governing equation.

Material Equilibrium

14. The equilibrium of a soil element having unit area

13
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perpendicular to the page and a unit volume of solid particles is illus-

trated in Figure 4. The weight, W , of the element is the sum of the %
4o
+—d
c 3§ 3 1
w
d
GRAVITY

| i
o COORDINATES _L +

Figure 4. Soil element in equilibrium

weights of pore fluid and solid particles:
W=ey + (1) v (15)

Therefore, equilibrium of the soil mixture is given by

a0 _
o+ Y3 d¢ + (e . + YS) -~-0g=24qQ (16)

where ¢ 1s the total stress. By simplifying and applying Equation 8,

an equation relating the spatial rate of change in total stress to the

void ratio and unit weights of solids and fluid is obtained:

ey +y
30 w s _
3E + T+e = 0 (17)

Multiplying through by %% and substituting Equation 11 gives the

equilibrium equation in terms of material coordinates:

30 _

o + e Yy, + Yo 0 (18)
15. It is also necessary to derive an expression for the equilib-

rium of the pore fluid alone. Considering the total fluid pressure at

any time to be composed of both a static and excess pressure gives

14




u =u +u (19)

where uo s U and u are total, static, and excess pressures,
respectively. Static pressure equilibrium is ensured if
du

o ) N
W"'Yw—o (20)

Therefore, differentiation of Equation 19 yields
= -ty =0 (21)

or in terms of the material coordinate

Buw Ju
—a-z——a—z+‘yw(l+e)=0 (22)

Fluid Continuity

16. To determine the equation of continuity for the fluid phase
of the differential soil element, the weight of fluid inflow minus the
weight of fluid outflow is equated to the time rate of change of weight
of fluid stored in the element. As shown in Figure 5, the weight of

fluid flowing into the volume is
noevoe oy, (23)
per unit area where n is the volume porosity which is here assumed

also the area porosity and v 1is the velocity of flow. Since the soil

solid particles are also moving during consolidation,

N

v==v, -V (24)

. i

MY

o en R A b

where subscripts f and s represent fluids and solids, respectively.
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f nv-E +di,5 (n-v-s,)dE

d

n-\r-l‘w

Figure 5. Fluid flow through a
differential element

The weight of fluid outflow is
nevey +i (v ey )de (25)
w ot w

By specifying the differential element to have a unit volume of solid

particles, the weight of fluid contained within the element is

ey, (26)

and its time rate of change is therefore

ey (27)

Equating this time rate of change of the weight of fluid within an

element to inflow minus outflow results in

2
3E

de

[n(vf - vs)] dg + 5t

=0 (28)
where the fluid is assumed incompressible and thus has a constant unit
weight which is cancelled in the equation.

17. Equation 28 is the equation of continuity expressed in terms
of the convective coordinate system. Utilizing the chain rule for

differentiation, the relationship

16
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be applied and Equation 28 can then be written as

Jde

9

5z Vg - V)l + 55 =0
or

e(v, - v.)
_a_ .___..f—s +_a£=0
3 3z l+e ot
siuce
n= =
1l +e

Governing Equation

principle

and the next is the equally well-known Darcy's law which is usually

written in the form

Equations 21 and 31 can be used and this can be written in terms of

total fluid pressure and the void ratio as

e(vf - Vs) .k du .\
l+e Yu 13 Yy

By Equations 29 and 11, this becomes

17

(29)

can be written where F is any function. Equations 8, 11, and 29 can

(30a)

(30b)

(31)

18. Before a governing equation can be assembled, two other re-

lationships are needed. The first is the well-known effective stress

(32)

(33)

(34)
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du
e(vf - vs) = - ” [SEE + yw(l + e)] (35)

w

19. Now Equations 18, 30b, 32, and 35 can be united to produce a
governing equation. First, combine Equation 30b and 35 to eliminate the

velocity terms. Thus

a k auw Je
Ty are e Tt e/t 70 (36)
Next, use Equation 32 to eliminate u, in Equation 36
3 k 3o 3¢’ de _
3z [‘ v, (1 + e) (Qz “az T tey )] MY 0 (37)
and then Equation 18 to eliminate o¢ in Equation 37
3 k 3¢ de
—_— - —_————— - - — _— =
dz [ yw(l + e) ( Vs 3z Yw)] + at 0 (38a)
or
ZE -1 3 k s |k dg' + 38 _ g (38b)
Y 9z \1 + e 3z |y (1 + e) 3z t
w W
Again, by the chain rule of differentiation, the relationship
aF dF QJe
3z de az (39)

can be written and Equation 38b thus becomes Equation 4:

Ys Y k() Joe, 3 [__kle) do' de], 2e @)
Y, de |l + el 32 9z yw(l + e) de 9z at

which is the same as the previous Equation 4 and constitutes the govern-
ing equation of one-dimensional consolidation in terms of the void
ratio, e , and the functions k(e) and o'(e)

20. An analytical solution to Equation 4 is not possible, but

once appropriate boundary conditions are specified, its numerical

18
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solution is feasible with the aid of a computer. Of course, the rela-
tionships between permeability and void ratio and effective stress and

void ratio must also be known or assumed.

Boundary Conditions

21. Three types of boundary conditions are possible for a soft

clay deposit undergoing consolidation. These are shown in Figure 6 with

Z=1—

COMPRESSIBLE CLAY LAYER

Z=0
TN 2 %55 % i
IMPERMEABLE SEMI- FREE
PERMEABLE DRAINING

Figure 6. Possible boundary
conditions

possible combinations at the top and bottom of the layer. The condition
of semipermeable is an addition to the usually assumed conditions of
either permeable or impermeable. The semipermeable condition represents
the state when a compressible layer is in contact with another different
compressible layer or when a compressible layer is in contact with an
incompressible layer which has neither the characteristics of a free-
draining layer nor those of an impermeable layer, but something in
between.

22. For the case of a free-draining boundary, there is no excess
fluid pressure and the total fluid pressure is equal to the static

pressure

u =u_ = hy (40)

where hw is the height of the free water table above the boundary.

Since the total weight of material above the boundary is known, total

19




stress may be calculated, and by the effective stress principle, effec-
tive stress can be calculated. The void ratio is then deduced from the

known or assumed relationship between it and effective stress.

}
]
z

23. At an impermeable boundary, there is no fluid flow and thus

ST TTe ey e

Ve =V (41) ; i

Applying this to Equation 35 results in

du i |
—_— = .
: 5% Yw(l + e) 0 (42)
but consideration of Equation 32, the effective stress equation, gives

3¢  dg'

22 " 32 + yw(l +e) =0 (43)
Now if Equation 18 is used to replace the total stress term and the
relationship of Equation 39 is used to express the effective stress part

in terms of the void ratio, Equation 43 can be written

de Ys " Yy
3z do'
de

=0 (44)

which is the boundary condition where the compressible layer meets an
impermeable layer.
24. The boundary condition for a semipermeable layer is based on

the fact that the quantity of fluid flowing out of one layer must equal

the quantity of fluid flowing into the layer across their common bound-

-

ary. The quantity of fluid flowing across a boundary of unit area is

.

.:% _‘ .
if n(vf - vs) (45) g
3 :
El -
< Therefore g
o (n(ve - v )] = [n(vy - v )] {46) !
. upper lower 3
]
»
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where the subscripts indicate upper and lower layers. Then from Equa-

tion 33 and the relationship of Equations 29 and 11

k au) ( k Bu)
_— Yy _ X _ oy (47)
(1 + e 9z 1 1 + e 3z 2
where Yw is eliminated because the same fluid is in both lavers and
1 and 2 indicate upper and lower layers, respectively. It should

also be noted that the total, static, and therefore excess fluid pres-

sures must be equal in the two layers at their common boundary
(u)1 = (u)2 (48)
25. From the effective stress principle,
i e (49)

By use of the equilibrium conditions of Equations 18 and 22, Equation 49

can be rewritten as

5, T Y T Ys T 3, (50)

which can also be written

oe _ du)de
dz <Yw s az) do' L)

The conditions expressed by Equations 47, 48, and 51 may be used to al-

low numerical solution to the problem of semipermeable boundaries.

Initial Conditions

26. 1Initial conditions through a compressible layer will vary

e e

according to the stress history of the layer. Since it is necessary to

solve the governing equation by an approximate numerical technique, any

initial distribution of void ratios is permissible so long as it is

21
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consistent with the assumed void ratio versus effective stress relation-
ship. Typical inital void ratio distributions in qualitative terms are
as follows:

a. A dredged fill layer will have a high uniform initial
void ratio distribution.

b. A layer consolidated under self weight only will have
relatively high initial void ratios which decrease
considerably with depth in the layer.

c. A layer normally consolidated under a small surcharge
load will have intermediate void ratios which decrease
with depth.

d. A layer consolidated under a large surcharge load or
overconsolidated will have relatively low initial void
ratios which decrease only slightly with depth.

The value of these void ratios and their exact distribution will depend
on the void ratic-effective stress relationship chosen and any existing

surcharge. ]
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PART III: SOLUTION OF THE GOVERNING EQUATION

27. An analytical solution of the one-dimensional finite strain
governing equation is not possible because of the nonlinear nature of
its coefficients. However, a numerical solution of the equation is
feasible if these coefficients are constantly updated during the solu-
tion to simulate their nonlinearity. An explicit finite difference
scheme has been chosen to solve the equation because of its relatively
simple algorithm, but this scheme does necessitate stringent stability

criteria which will be discussed in a later section.

Explicit Finite Difference Scheme

28. The finite difference procedure is a method of representing

a differential term by means of finite differences. Time space is

broken down into intervals of finite length denoted T . The time
derivative of void ratio can then be written

de = 1 _

st (Zaoty) 27 (eg 54y T 8y ) (52)

where the subscripted terms are as shown in Figure 7. 1If the space

z, ;
| -
& 410
&
e, °;
i’7J 497'J+|
3
4&‘huJ

Figure 7. Finite difference mesh
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coordinate is divided into intervals denoted & , the derivative of void

ratio with respect to space is

oe = 1
5z (Zi0t5) %35 (4435~ &51,5) (53
by the central difference method, and the second derivative of void
ratio with respect to space is
2
3 e . 1
2 (2ot =5 (e 5 7 285 5 Y ey, y) (54)
dz S
where terms are also as shown in Figure 7.
Simulation of Nonlinearity
29, It is appropriate here to rewrite the general governing
equation (Equation 4) in the form
] Jde 32e de
Y.B(e) + o~ [a(e)]p == + a(e) ;;5 + Y, 53¢ =0 (55)
where
Yo T Y T Yy, (56)
-4 |k(e)
B(e) - de [1 + e] (57)
and
_k(e) do'
ale) = 7775 de (58)

To simulate the equation nonlinearity, the functions a(e) and B8(e)
are recalculated at each time step for the current value of the void
ratio at each point in the 2z space grid.

30. In the computer program developed for this report, point data

are input relating void ratio to permeability and effective stress
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similar to that which would be obtained from laboratory testing. To en-
sure smooth continuous functions, however, additional points are inserted
between the laboratory determined points. A typical trace of such data
is shown in Figure 8. Using these data, tables of values for a(e) and
B(e) at various values of e can be constructed by numerical differ-
entiation. Then, by a linear interpolation, the value of a(e) and

B(e) for any value of e can be obtained.

|

e
x;\\‘k\\ i(

NG PERMEAB! LITY>X

X,
EFFECTIVE 3\
STRESS X

X X
\ /
X x//
7
r//, X
/X/ \X
x”o”’x &%k
X Ky
fo SO
LEGEND LOG o'
O LABORATORY POINTS LOG k

x ADDED POINTS

Figure 8. Typical plot relating void ratio, e ,
to permeability, k , and effective stress, o'

31. The solution to the governing equation in finite differences

can now be written

ale, ., ) - ale, . )
e =e, . -— |{v.Ble, )+ L, 1o
i,j+1 i,j Y c i,j 26
(59)
- _ -2,  te, ..
e 55 9 e 5 15 1 IUPORRN o o Y M O B S5 U5
28 i,] 52
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From Equation 59 it is seen that the void ratio along point z, at a

future time, t , 1is explicitly determined from the values of the

j+l
void ratio at that point and its nearest neighbors at time t_, and func- .
tions of the void ratio at these same points at the present time, tj

Thus, once initial and boundary conditions are determined, the consolida-

tion problem is solved.

Solution for Initial Conditions

32. Calculation of the initial void ratio distribution in a com-
pressible layer is dependent on the unit weights of solids and fluid in
the layer, the effective weight of any existing surcharge, and the rela-
tionship between void ratio and effective stress within the layer. To
illustrate the procedure, assume the compressible and saturated layer
shown in Figure 9 is fully consolidated under its own self weight only .

g FREE WATER SURFACE !

suRCHARGElzi RN

=4
a I

COMPRESSIBLE h
LAYER (@_,¥,) e, h

i am wwc me we e

2‘0\

Figure 9. 1Initial void ratio distribution in i
a compressible layer consolidated under self t
weight only l
before a surcharge, Aq , is added which will cause further consolida-
+
. tion. The initial conditions in the layer at t = 0 are then the same
as conditions in the layer at t = 0 assuming the surcharge is quickly
added at t = 0 ., This is so because the fluid in the layer has not had

ks time to drain, and therefore, initially, fluid pressure will support all

[

the added surcharge. Of course, as time goes by the surcharge load will
gradually be transferred to the 4pil particles causing the solid skele-

ton to compress.
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33. To determine the initial void ratio distribution, eo(a) ,

L h

_ da -
./ﬁdz -~/-3f372;—a;y L (60)
(o) (o) °

must be solved where h 1is the initial layer height in Lagrangian co-

the equation

ordinates and £ 1is the initial height in material coordinates. Since
there are two unknowns in this equation, it cannot be solved without some
additional information. 1In a fully consolidated state, the effective
stress distribution through a layer depends only on the buoyant weight
of solids and any existing surcharge such that
3
o'(z,0) =/ (vg - v, dz + g (61)

z

When Equations 60 and 61 are used in conjunction with the relationship

between void ratio and effective stress such as that shown in Figure 8,
the number of relationships matches the number of unknowns and solution
is possible. However, even if the relationship between void ratio and

effective stress were expressed analytically and the appropriate sub-

stitutions made in Equations 60 and 61, a transcendental equation would

result which would require an iterative type solution. Therefore, an
incremental technique will be used here which will approach the exact
solution from the lower side.

34. It is first necessary to divide the compressible layer into
a number of elemental layers of length

Aa = (62)

z|z

where N 1is any positive integer. The larger the N , the more accu-
rate the solution. The uppermost elemental layer is subject to an ef-

fective stress equal to the effective weight of any existing surcharge,

.~ e s

;. . q, - When this effective weight is used, a void ratio is obtained from !

data such as Figure 8. This void ratio is assumed constant for the
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elemental layer. Therefore, for the first layer

Az(1l) = ﬁ_‘AZ_(—ﬁ (63)
o
and
80'(1) = (v - v )bz(1) + q (64)

When Ac'(l) 1is used as the effective stress acting on the second in-
cremental element, the void ratio of the second element can be deter-
mined. Following this technique throughout the entire layer results in
the initial void ratio distribution sufficiently accurate for computation
of future consolidation,

35. For the case of a dredged fill, it is assumed that the layer
is deposited at a uniform consistency, and after initial solids sedi-
mentation the compressible layer exists at a uniform void ratio with
zero effective stress throughout the layer. Under these conditions,

total layer height in material coordinates is calculated directly from

PrTv e (65)

where h 1is the height of the compressible layer after initial sedi-

mentation but before any consolidation.

Void Ratio at Boundaries

36. Void ratio calculation at a free-draining boundary is actually
a calculation of effective stress at the boundary. This calculation is
done through a knowledge of the total weight of materials above the
boundary plus any existing or added surcharge and the distance of the
boundary below the free water surface. Since there is no excess fluid
pressure, the effective stress is

o' =0+ Aq - Ywhw (66)
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where o 1is the total stress due to any existing surcharge and material
self weight, Aq 1is an added surcharge, and hw is distance of the
boundary below the free water surface. With this effective stress, the
persistent void ratio can then be determined from a relationship such as
shown in Figure 8.

37. The determination of void ratio at an impermeable boundary
requires the use of a fictitious mesh point outside the boundary as
shown in Figure 10. Using the initial void ratio distribution ~r
distribution at any time, tj , the void ratio at this fictitious mesh
point is calculated by expressing Equation 44 in finite difference

terms. Thus

_ de
eO,j = eZ,j + ZG(do') ('YS Yw) (67)
e .
1,3
where %27 is determined for e j from data such as in Figure 8.
’
With e, , determined, e, . is then found from Equation 59 and the
0,3 1,3+l

whole process repeated at each time step.

“

COMPRESSIBLE LAYER

L T T

€21
IMPERMEABLE |__ 8 €11j plrjtt — .
SOUNOARY e T

Figure 10. Void ratio calculation at an
impermeable boundary

38. When a compressible layer lower boundary is neither free
draining nor impermeable, void ratio calculation at the boundary is
accomplished by writing a finite difference expression for Equation 51
and using an imaginary mesh point as was done for the impermeable case.

Then,




= de _ (_3_‘1 }
eO,j eZ,j + 26(do') Ys Yw + az) . (68)
ey j 1,j-1

where the term %% is either calculated from the previous time step or
assumed. In the case of a dredged fill overlying a compressible layer,
the excess pressure gradient at the layer interface is assumed to be
zero for the first time step and thereafter it is calculated based on
the previous conditions and Equations 47 and 48. The procedure is shown

schematically in Figure 11. The method of calculating excess pressure

TYPICAL
r—b— C

COMPRESSIBLE LAYER
ON COMPRESSIBLE LAYER

COMPRESSIBLE LAYER
{ ON INCOMPRESSIBLE LAV[Rl’ i

[ -3
~N

Figure 11. Schematic representation of void ratio
calculation at semipermeable boundaries
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from void ratio and vice versa is given in a later section. The void
ratio of the top point in the compressible lower layer is based on
Equation 48 and the fact that the change in excess pore pressure equals
the negative change in effective stress. In the case of a compressible
layer overlying a semipermeable incompressible layer, the permeability,
void ratio, and a typical drainage path length in the incompressible
layer must be either measured or assumed. The calculation procedure is
also illustrated in Figure 11. Only a typical illustration of marching
forward in time is shown, but this holds for all void ratios except at
the imaginary points and the top point in a compressible foundation

layer.

Settlement Calculation

39. The calculation of settlement at any point in a compressible
layer is simply the subtraction of its convective coordinate from its
Lagrangian, or initial, coordinate. If settlement at a point is denoted

S(z,t) , then

S(z,t) = a(z,0) - &£(z,t) (69)

and by integration of Equations 10 and 11

z z
S(z,t) =[ (1 + e(z,0)]dz —[ [1 + e(z,t)])dz (70)
0 0

Since data are generated aroun mesh points in the finite difference
solution of the consolidation problem, the numerical integration of
Equation 70 by Simpson's rule is a simple exercise.

40. A common method of expressing the state of consolidation in
small strain theories is by the percentage of excess pore pressure dis-
sipated. In the finite strain theory, degree of consolidation is appro-
priately defined as the ratio of current settlement to final settlement

in the entire layer. Thus
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where S(2,) 1is the ultimate settlement of the layer when all excess

pore pressure has dissipated.

Calculation of Stresses and Pressures

41. Once the void ratio distribution throughout a compressible
layer is determined, the distribution of effective stress can be ob~
tained from a relationship such as shown in Figure 8. The static pore

pressure is also immediately determined for each mesh point as
uo(zot) = Yw[hl - E(Z,t)] (72)

where h1 is the height of the free water surface above the datum plane,
z=0, and £ 1is the convective coordinate of the mesh point at the
time in question.

42. The total stress at a point in the compressible layer is
equal to the total weights in a unit area of all materials above it plus

any surcharge. Thus

)
o(z,t) = Yy h2 +[e(z,t)dz + Yq [dz + q, (73)
z z

- where h2 is the height of the free water surface above the top (z = )

of the compressible layer, the integrals represent the volumes of fluid

I R

and solids in the compressible layer, respectively, and a, is any

...

surcharge.

43, With total and effective stresses determined, the effective

stress principle is used to calculate total pore pressure

“ & e

FEr—s.

T TR T T

uw(z,t) = g(z,t) - o'(z,t) (74)
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and excess pore pressure is the difference between total and static

pressures,

u(z,t) = uw(z,t) - uo(z,t) (75)

+

Solution Consistency, Convergence, and Stability

44, Now that a solution technique for solving the finite strain
consolidation problem has been formulated, some assurance that this tech-
nique gives a correct answer is necessary. Consistency implies that the
difference equations actually do approximate the differential equation.
Convergence means that the numerical solution is a close approximation
of the exact solution. Stability implies that small errors introduced
initially or at a boundary remain bounded as the computations progress.
Keller (1960) has shown that for a parabolic partial differential equa-

tion of the form

2
38 _a(z,t) 28 - ab(z,t) L 4 c(z,t)e = d(x,t) (76)
ot az2 9z

consistency, convergence, and stability are assured in an explicit

finite difference scheme if

§ < —az.t) a7
|b(z,t)]
and
L (78)

T= 2a(z,t)

62

+ c(z,t)

where § and 1 are the spatial and time mesh spacings, respectively,

and a, b, and c¢ are any variables.

45. 1In the governing Equation 55 for finite strain consolidation




a(z,t) = - e (79)
YW
. K
O {vo 8 + & (a1} (80) 4
c(z,t) =0 (81) b
d(z,t) = 0 (82) ,

where o(e) and B(e) are as previously defined in Equations 58

and 57, respectively, Therefore, if {

;. 6 < - 2alel (83)

v, 8(e) + =~ [a(e)]
! and ;
1 <S2 Yw ‘
& T < - Zate) (84)

then the solution should be consistent, convergent, and stable. To

ensure these criteria are met throughout the solution process, Equa-
tions 83 and 84 should be periodically checked using the extreme values

of a(e) and B(e) to be expected in the problem.

T TS e .

dak PO o =




:
N
v
L

PART IV: SOIL PARAMETERS FOR FINITE STRAIN CONSOLIDATION

46. Calculation of the consolidation of soft deposits by finite
strain theory requires the determination of the specific gravity of
solids in the compressible layer, the relationship between void ratio
and effective stress, and the relationship between void ratio and perme-
ability. These determinations are presently routine laboratory proce-
dures for fine-grained soils normally encountered in earth construction.
The use of standard oedometer tests for soft deposits which may be under-
consolidated in situ involves uncertainties; for instance, a thin oedom-
eter sample with no excess pore pressure and subjected to a sudden load
increment may not react in the same way as an underconsolidated thick
sample whose excess pore pressure is slowly decreased. Additionally,
the consolidation induced by the hydraulic gradient of a permeability
test may not be adequately accounted for in the test results. The
answers to these questions are beyond the scope of this report and need
research to either relate soft deposit parameters to the results of
conventional tests or devise new test methods so that direct measure-
ments can be made.

47. 1In order to demonstrate the use of the computer program
CSLFS, the soil parameters necessary were deduced from conventional
oedometer test data such as may be generated in any well equipped soils
testing facility. By logical extrapolation of these data generated by
the oedometer testing over the full range of void ratios that might be
encountered, reasonable solutions to the dredged fill consolidation prob-
lem can be obtained. Of course, the test results on a thick normally
consolidated or overconsolidated soil under a surcharge should be di-
rectly applicable without extrapolation.

48. Use of the program feature enabling the specification of
boundary conditions that are neither free draining nor impermeable re-
quires that a void ratio, permeability, and drainage path length for
the incompressible foundation material be given. While it is generally
possible to determine void ratio and permeability by laboratory testing

on undisturbed samples, the distance required for dissipation of excess
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pore pressures in the incompressible foundation must be estimated based

on engineering judgment.

Void Ratio-Effective Stress Relationship

49. The conventional laboratory oedometer test can be used to
establish the void ratio-effective stress relationship required for cal-
culation of consolidation by finite strain theory subject to the uncer-
tainties previously raised. Principally, the only difference between
testing soft deposits and the stiffer soils usually tested is in the size
of the load increments used. For routine tests of most soils, the load-
ing schedule starts at 0.25 tsf* and is doubled for each succeeding in-
crement until a total load of 16.0 tsf is applied. Typical tests of
soft deposits such as channel sediments or dredged fill start at
0.012 tsf and are incrementally increased to 1.0 tsf. At these extremely
low pressures, accurate account must be taken of the weights of load
transfer hardware and even the force exerted by dial gage springs
(Palermo, Montgomery, and Poindexter 1978).

50. Perhaps the best method of graining insight into the behavior
of soft clay soils is to examine some typical oedometer test results.

In Figures 12 and 13 are plotted e-log o' curves as determined in the
Soils Testing Facility at the U. S. Army Engineer Waterways Experiment
Station. These plots have been corrected from the originally reported
results (Palermo, Shields, and Hayes in press) by assuming 100 percent
saturation at test completion. This was necessary because direct
measurements of the specific gravity of soil solids were not made and
original results consistently indicated saturation greater than 100 per-
cent when average specific gravity values were assumed.

51. Figure 12 shows four samples taken from the Craney Island
dredged material disposal site, one sample of channel sediments con-

sidered typical of what goes into the disposal area, and one sample of

* A table of factors for converting U. S. customary units of measure-
ment to metric (S5I) units of measurement is found on page 5.
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Figure 12. Oedometer test results for Craney Island samples
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the foundation soil beneath the disposal area. As can be seen from the
figure, these soft deposits generally have characteristics similar to
other soils encountered in construction practice except that the range
of void ratios these deposits undergo during consolidation is much
greater. The tendency for initial void ratios to increase as in situ
confining stresses decrease is also apparent from the figure. A conven-
tional analysis to determine the preconsolidation pressure from the
e-log o' curves is probably not appropriate since there is no way to
obtain a truly undisturbed sample of such soft soils. However, the nor-
mally consolidated portion of the curves should be a valid indication of
the soil behavior as indicated by the fact that all dredged material
curves including that for channel sediments are approximately parallel
over their normally consolidated range.

52. Consolidation characteristics of other soft materials are
shown in Figure 13. Here again; the extremely wide variation in void
ratios over relatively small stress ranges should be noted. The unusual
upturn in these curves at the low end of the stress range may be pecu-
liar to the particular test procedure or may be valid indicators of the
behavior of these materials. Definite conclusions cannot be drawn with-
out further testing.

53. To illustrate the method of obtaining the necessary void
ratio-effective stress relationship for use in the computer program CSLFS,
consider the data points as shown in Figure 12, It is proposed that
those points defining the normally consolidated portions of the e-log o'
curves fully describe the material behavior between effective stresses
of about 0.0l tsf to 1.0 tsf. Defining the curve below and above these
values is a matter of judgment in the absence of experimental evidence
dictating otherwise. The arbitrary extension of the normally consoli-
dated portion in a straight line is unreasonable since this would give
an infinite void ratio at zero effective stress and a zero void ratio
at some finite effective stress. Probably a more reasonable assumption
is that there will be some finite void ratio at zero effective stress
and that the curve will become asymptotic to some minimum void ratio

depending on the origins of the soil. It is therefore further proposed
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that the void ratio at zero effective stress be selected as somewhere

between the void ratio at the intersection of the normally consolidated
line with the effective stress ordinate 0.001 tsf and the measured void
ratio before oedometer testing. The curve at effective stresses higher
than 1.0 tsf should ideally be based on oedometer testing at these
higher stresses, but in the absence of such data may reasonably be an
extension of the normally consolidated portion which is brought asymp-
totic to a constant void ratio value between 0.4 and 0.7. Figure 14
shows such curves constructed from the data of Figure 12. Void ratios
of 7.0 for the dredged fill and 3.0 for the foundation soil at zero
effective stress were chosen as about midway between the previously pro-
posed range of possibilities.

54. Before the final decision is made to use such a void ratio-

effective stress relationship in the computer program CSLFS, the curve
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Figure 14. Void ratio-effective stress relationships for soft dredged
fill and foundation materials at Craney Island
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should be replotted on an arithmetic scale to ensure the curve is a
smooth continuous function without extraneous reverse curvature and with
continuous derivatives. Figure 15 shows such a plot for the dredged
fill material, and Figure 16 shows the plot for the foundation soil from
the Craney Island site. The points shown on the plots are the points

to be used as program input for a practical example to be worked.

Void Ratio-Permeability Relationship

55. The determination of the void ratio-permeability relationship
necessary for calculation of consolidation by the computer program CSLFS
will also be accomplished through use of oedometer test results. Be-
cause conventional oedometer testing involves relatively thin samples
and relatively small load increments, analysis of this testing based on
the assumptions of small strain consolidation theory will probably pro-
duce sufficiently accurate values of permeability.

56. By small strain theory, a nondimensional time factor is de-

fined by

T = % (85)

where t is real time, H 1is the drainage path length, and the coeffi-

cient of consolidation, cV , 18

_ k(1 +e)
v YW aV

(86)

where k is permeability, e is void ratio, and Yy is unit weight of
water as previously defined. The coefficient of compressibility, a, »

is defined as

= . le_
a8, % T 20’ 87

where Ae is the change in void ratio corresponding to the change in

effective stress, Ac' . Combining the three preceding equations
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results in an expression for permeability,

2
T Yw Ae H

k = (88)

T (1+e)tac’
which involves known or measurable quantities in the oedometer test.
57. Typically, consolidation time curves for each load increment
are used to determine the time, t , for 50 percent consolidation where
analytically T = 0.197 for an initial uniform distribution of excess
pore water pressure. The void ratio, e , is also determined at tSO
from a knowledge of the specific gravity of solids, total weight of
solids, and current sample volume. The drainage path length, H , is

estimated as one-half the sample height at An average coeffi-

t .
cient of compressibility is obtained by dividigg the total void ratio
change during the load increment by the load increment.

58. Permeabilities determined in this manner for the foundation
soil and dredged fill of the Craney Island disposal site are shown in
Figure 17. While the data at the higher void ratios is considerably
scattered, the data in the lower void ratios which is less scattered
does seem to give a good fit when extended. Here again, the behavior
of the void ratio-permeability relationship outside the range of data
points is purely speculative until such time as adequate testing is de-
vised and used in defining the curve over the full range of possible
void ratios. However, it is probably reasonable to assume that permea-
bility becomes infinitesimally small at some finite void ratio and thus
the curve will become asymptotic to this void ratio.

59. Figure 18 shows the relationship between void ratio and per-
meability for the same other samples of soft deposits described pre-
viously in Figure 13. The behavior of these curves at the higher void
ratios may be an idiosyncrasy of the test procedure since it is probably
more reasonable to expect that permeability would increase more dramat-
ically as the void ratio reached some maximum limit where the soil no

longer forms an interconnected network of solid particles.

60. As before, it is beneficial to plot the void ratio-permeability
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Figure 17. Void ratio-permeability relationships for soft dredged fill
and foundation materials at Craney Island

relationship on an arithmetic scale as an aid in determining the point
data for use in the program CSLFS. Figure 19 shows such a plot for the
dredged fill material, and Figure 20 is of the foundation soil at the
Craney Island Site. The points shown on the figures are the points to

be used as program input for a practical example.

Semipermeable Boundary Parameters

61. As previously shown, the boundary conditions between two
compressible layers undergoing consolidation are automatically determined
by the program CSLFS based on the continuity of fluid flow and current
void ratio and permeability conditions in the compressible layers. Where
a compressible layer bounds an incompressible layer, boundary condi-

tions are determined by the program based on current conditions in the
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compressible layer and specified void ratio, permeability, and length
of drainage path for the incompressible layer. It was also previously
stated that the void ratio and permeability for the incompressible layer
should generally be determined by laboratory testing on undisturbed
samples and that specification of the drainage path length is a matter
of engineering judgment. The basis for making such a judgment is dis-
cussed in this section.

62. The drainage path length is defined as that distance required
for complete dissipation of excess pore water pressure existing at the
layer boundary. Together with this pore pressure, it is used to deter-

mine the excess pressure gradient at the incompressible layer side of

the boundary by the equation

v
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where u 1is the excess pore pressure at the boundary, x 1is the drain-
age path length measured in the Lagrangian coordinate system, and e is
1 the void ratio of the incompressible layer. The excess pore pressure
is calculated as previously described from the void ratio of the compres-

sible layer. The pressure gradient thus obtained is used in Equation 47

) oo RIS

to determine the excess pore pressure gradient on the compressible layer

side of the boundary as

Ju l +e k Ju
(az) = ( k ) (l + e 32). (90)
comp comp incomp

where the subscripts comp and incomp refer to the compressible layer

& e Y T P Y S Wiy |

and the incompressible layer, respectively. This value is then used in

-

Equation 68 for computing the void ratio of an image point which enables
the computation of the void ratio at the first mesh point in the compres-
sible layer at the next time step.

63. An examination of Equation 89 shows that if the drainage path
length is chosen to be very large, the effect is to make %E very small
and in the limit will approach zero or the impermeable boundary condi- !
tion which makes Equation 68 the same as Equation 67. At the other i
extreme, if the drainage path length is chosen to be very small, the ;
effect is to make %% very large and in the limit will approach an
infinite value. The computation in Equation 68 then has no physical

meaning, but the effect in the program is to cause the void ratio at .

the first mesh point in the compressible layer to be set at its final

-

value or the free-draining boundary condition.
64. Between those conditions of impermeable and free draining,
it is proposed that the drainage path length be chosen to equal the

depth of the compressible layer where the material of the incompressible

"-rei ey fo'vv-.._:t

¢ layer is the same or essentially the same as that of the compressible
layer. Where the material properties are substantially different, it
is further proposed that the drainage path length be chosen to be pro-

portional to the ratios of the permeability functions times the depth

P

of the compressible layer. In equation form, this means

it Akl

46
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l+e
comp

X = K
l+e

h (91)

incomp

where x is the drainage path length, h 1is the depth of compressible
material, and k and e are average permeability and void ratio, re-

spectively, in the respective layers near the interface of the layers.
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PART V: CONSOLIDATION PROBLEMS

65. In this Part, the capabilities of the computer program CSLFS
will be demonstrated by solving some practical examples involving the
consolidation occurring in a dredged fill disposal site subjected to
periodic deposition of soft channel sediments and the consolidation of
a thick soft layer subjected to an additional surcharge due to some con-
struction activity above it. Figures will be used to show the distribu-
tions of excess pore pressure, void ratio, layer settlement versus time,
and percent consolidation versus time. Whenever possible, a comparison
between the results computed by the finite strain formulation will be

compared with those from a small strain theory computation.

Consolidation of Dredged Fill on a
Compressible Foundation

66. In this example, a large disposal site has been proposed for
an area of a bay where foundation material is a soft marine sediment
currently about 5 ft below mean sea level. Considerations of the area
available for disposal and the volume and type of material to be dredged
has led to the conclusion that the site must be capable of holding mate-

rial deposited according to the following schedule:

Year 1 through Year 2, 3 ft/year
Year 3 through Year 4, 2 ft/year
Year 5 through Year 8, 1 ft/year

The total amount for each year will be deposited during the first few
weeks of each year and therefore can be considered to be dumped instan-
taneously in the disposal area at the beginning of each year. Figure 21

shows the schedule graphically. It should also be noted that the yearly

amounts are based on volumes after initial sedimentation has taken place.

If initial sedimentation is not complete very soon after each particular
dredging operation, due consideration of the nonsedimented height of
each layer must be taken into account when calculating the necessary

height of confinement dikes.
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Figure 21. Schedule of dredged material deposition

67. The consolidation behavior of these dredged fill deposits is
required to be calculated in conjunction with the consolidation behavior
of the foundation in order that a program of dike construction may be
instituted that is neither overly conservative nor extravagant. It is

further required that an estimate be made of the time required for 90 per-

cent consolidation of the disposal area and ultimate settlement so that
an evaluation of its potential future use may be made.
68. Before consolidation can be calculated, laboratory determina-

tions must be made of the void ratio-effective stress and void ratio-

D Sach A e S

permeability relationships for both the dredged and foundation materials

along with the unit weight of solids in these materials and the initial

void ratio assumed by the dredged material after initial sedimentation.

For this example, the relationships depicted in Figures 15, 16, 19,

and 20 will be used. The dredged material is assumed to have an initial

vold ratio of 7.0 and a specific gravity of solids of 2.75. The founda-

tion is assumed to have a specific gravity of solids of 2.83 and to be

ri . normally consolidated under its own weight.

- : 69. It will be further assumed that field borings were addition-
ally used to determine that the compressible foundation is 20.0 ft thick

and overlays an incompressible layer of silty material having an average
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void ratio of 0.65 and permeability of 3.0 x 10-4 ft/day. The void
ratio and permeability of the compressible foundation layer at the inter-
face with the incompressible silt deposit could be determined either by
field borings or by assuming the layer is normally consolidated under

its own weight and allowing the computer program to calculate its ini-
tial conditions. For this example a void ratio of 1.80 and permeability
of 1.03 x 10_4 ft/day have been chosen based on program calculations.
Equation 91 is used to determine the drainage path length for this semi-
permeable boundary as about 6.0 ft.

70. The input data required for problem solution is shown in
Appendix C of this report. The calculation constants T and §&§ are
chosen small enough so that problem detail and accuracy are preserved,
yet large enough to promote computation economy. If the constants are
too large for the stability criteria, the program will print an error
message. For this problem, 1 = 1.0 day and & is one-sixth of the
initial layer height for the dredged fill and one-tenth for the founda-
tion. These selections proved sufficient for accuracy and stability.
Also included in the appendix is calculated data for the end of the |
second and eighth year of consolidation.

71. From these calculated data, a visual picture of the consoli-
dation process can be obtained. Figure 22 shows the void ratio distri-
bution in the dredged fill at the end of year 2 after two layers of fill
have been placed but before the third layer is placed. Also shown in
the figure are the void ratio distribution at year 1 after the second
layer is placed (which serves as the initial conditions for the current
consolidation period) and the final void ratio distribution if no more
dredged fill layers were to be placed. 1In the figure, void ratios are
plotted against the material coordinate, =z , for ease in comparing
past, present, and future distributions. The conventional layer height,

§{ coordinate, equivalent to 2z can be found in the problem listing in

Appendix C.
72. The distribution of excess pore pressure within the dredged
fill at the end of the second year and before the next layer is deposited

is shown in Figure 23 along with the distribution at year 1 after
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deposition of the second layer. The discontinuity in the year 1 curve is
due to the assumption that the second layer is deposited instantaneously
and its excess pore pressure is superimposed on the existing excess pres-
sure before the layer was deposited. At the end of consolidation there
is no excess pore pressure, and thus a final curve is not shown. Curves
of this type are useful in evaluating strength or stability using an ef-
fective stress analysis. Distributions of total and effective stresses
can be found in tabular form in the problem listing in Appendix C.

73. Figure 24 depicts void ratio distributions throughout the
dredged fill deposition period and the final distribution for the total
amount of material deposited. This figure shows that even after 100 per-
cent primary consolidation, very high void ratios will exist throughout
the dredged fill material and unless some later load causing further
consolidation is placed, the material may never be suitable for any
engineering purpose. The effects of surface desiccation and secondary
consolidation are not considered here, even though these factors will
have an impact on the final void ratio distribution. The effects of
these factors will be considered in future extensions of the theoretical
basis and computer program.

74. Shown in Figure 25 are excess pore pressure distributions in
the later years of consolidation. Again, this type of figure would be
useful in evaluating strength or stability using an effective stress
analysis. Tabulations for year 14 can also be found in Appendix C.

75. Figures 26 and 27 are plots of the degrees of consolidation
and settlement, respectively, throughout the period of deposition and
for 9 years after deposition ceases. Also shown in the figures are the
results of a conventional or small strain analysis of the same disposal
program estimated from consolidation charts (Terzaghi and Peck 1967,
Lambe and Whitman 1969). Thz difference between the two theoretical
approaches is clearly evident. The sudden drops in the degree of con-
solidation at years 1 through 7 are due to the instant application of
additional dredged fill at those times. As can be seen, 90 percent con-
solidation is achieved at about 12.8 years by finite strain theory;
whereas, the deposit is only about 55 percent consolidated at this time
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Figure 24. Void ratio distributions at the
end of each year during deposition and
ultimately

by small strain theory. The predicted ultimate settlement is essentially
the same in both calculations since the original individual layer heights
were relatively small. It should be noted that the small strain analysis
was a hand calculation and more elaborate computer applications of the
theory may reduce somewhat the differences shown, but results from the
use of the two theories will never match due to the basic differences

in the theories.

76. For containment area design purposes, the results of the
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Figure 25. Excess pore pressure distribution
at years 7, 8, and 14

finite strain analysis of the dredged fill and compressible foundation
can be plotted as shown in Figure 28. With this representation of the
dredged fill surface and foundation surface, the height of containment
area dikes required during the period of disposal can be readily

determined.
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Consolidation of a Soft Thick Layer

77. This example will illustrate the program's capability to cal-
culate primary consolidation in a soft thick layer which is normally
consolidated under a small overburden when subjected to a series of
added surcharges. The layer is assumed to be 20 ft thick and to overlie
a coarse sand so that its lower boundary may be considered free draining.
The layer's void ratio-effective stress and void ratio-permeability re-
lationships are those shown in Figures 16 and 20, and the layer's speci-
fic gravity of solids was assumed to be 2,80,

78. It is further assumed that initially the top of the layer is
about 1 ft below the water table and some years ago was covered with 1 ft

of sandy material so that it is fully consolidated under about 75 psf of
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overburden. It is planned to hydraulically fill the area with an addi-
tional 10 ft of sand over the next three years to prepare it for con-
struction of light buildings. The sand will be dredged from nearby
sources and deposited according to the schedule shown in Figure 29,
which also depicts initial layer conditions. It is required to deter-
mine consolidation behavior of the compressible layer during and sub-
sequent to surcharge additions.

79. Based on program calculations, void ratio distributions can
be plotted for any time during the consolidation process. Figure 30
shows such distributions for the first three years of the example in
comparison to the initial and final void ratios in the layer. The dis-
tributions at years 1 and 2 are before the surcharges for those years
are added. As can be seen from the figure, wide variation in void
ratios occurs throughout the layer initially and until it is finally con-
solidated under the total added surcharge. Thus again, the inapplicabil-
ity of a small strain analysis which assumes a constant distribution of
void ratios is manifest.

80. The distribution of excess pore pressures at various times

during consolidation is shown in Figure 31. The principal information

rL ' E 3 :; TIME (YEARS)

Lli J l*} Og=500 PSF

J Ag= 500 PSF

oo 4 43 L4 |1 | awsooes
\q°=75 PSF

COMPRESSIBLE.
CLAY LAYER

Figure 29. Schedule of surcharges added to
compressible clay layer
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Figure 30. Void ratio distributions
- in the compressible layer

’ to be gained from this figure is the fallacy of the often-made assump-

tion that the value of the remaining excess pore pressure is its maximum

Lo F
-

amount reduced by a percentage equal to the degree of consolidation.

For instance, at 57 percent consolidation the remaining excess pore pres-

sure is more than 89 percent of its maximum value, at 76 percent consoli-

[ Ny e

dation it is 58 percent, and at 91 percent consolidation, it is about
25 percent of the original maximum value.
81. Figures 32 and 33 compare the degree of consolidation and

settlements respectively as predicted by the finite strain analysis
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Figure 31. Excess pore pressure distribution in J
the compressible layer )
and a small strain analysis. Once again the difference in the two theore-
tical approaches is clearly evident, and as in the dredged fill example,
consolidation is predicted to occur at a faster rate by the finite
strain analysis. Even though consolidation occurs faster, the dissipa-

tion of excess pore pressure is predicted to occur slower. Figure 34

shows the excess pore pressure distribution by both theories at year 6

I R

‘ during consolidation. This figure shows that the small strain theory is 1
underconservative when used to predict pore pressures and therefore may ‘

¢ lead to underconservative safety factors when used in stability analyses.
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82. A listing of problem input and calculations to years 3 and 6

are included in Appendix C. The calculation constants 1 and &§ were

P w—

1.0 day and one-tenth of the layer height, respectively. These selec-
tions proved to be sufficient for stability and provided for an economic

calculation.
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PART VI: SUMMARY

83. This report has developed the theory of finite strain consoli-
dation in relatively simple and concise terms and shown how the theory
can be effectively programmed for computer computation of the consolida-
tion behavior of very soft single or multiple layers of fine grained
materials. In the theory development, simplifying assumptions have been
held to a minimum which effectively makes the theory the most general in
defining one-dimensional consolidation. The chief advantages of finite
strain theory over small strain theory are its independence from strain
levels, its independence of any set relationship between void ratio and
effective stress, and its consideration of the variabilities in permea-
bility through the consolidating layer due to changes in void ratio.

84. The computer program, CSLFS, documented in this report
represents an alternative to the conventional methods of calculating
one-dimensional consolidation which was previously unavailable. The
program was purposely written to require only the most basic soil prop-
erty data, i.e., point data from laboratory testing relating effeccive
stress and permeability to the void ratio. It also provides for the very
real case of a semipermeable boundary. Although the program was inten-
tionally structured to facilitate the calculation of consolidation in
multiple dredged fill layers deposited on a compressible foundation,
it is equally suitable for making one-dimensional consolidation predic-~
tions in a clay layer subjected to more traditional foundation type
loads.

85. As shown by the example problems worked in the report, this
method of consolidation prediction is not merely a more detailed analy-
sis which leads to essentially the same results obtained through a
simpler small strain analysis. There is a real and substantial differ-
ence in the results and indications are that the finite strain method
is more accurate because of consistent underprediction of settlements
in designs using small strain theories. Therefore, the program should
prove to be a valuaile aid in future designs requiring a prediction of

one-dimensional consolidation as a function of time.
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APPENDIX A: USER'S MANUAL FOR CSLFS

1. This appendix will provide information useful to users of the
computer program CSLFS to include a general description of the program
processing sequence, definitions of principal variables, and format re-
quirements for problem input. The program was originally written for
use on the WES Time-sharing System but could be readily adapted to batch
processing through a card reader and high-~speed line printer. Some out-
put format changes would be desirable if the program were used in batch
processing to improve efficiency.

2, The program is written in FORTRAN IV computer language with
eight-digit line numbers. However, characters 9 through 80 are formatted
to conform to the standard FORTRAN statement when reproduced in spaces
1 through 72 of a computer card. Program input is through a quick access
type file previously built by the user. OQutput is either to the time-
sharing terminal or to a file which must be saved by the user at the end
of a run. Program options will be fully described in the remainder of
this appendix.

3. A listing of the program is provided in Appendix B, and typi-

cal solution output is contained in Appendix C.

Program Description and Components

4. CSLFS is composed of the main program and ten subroutines. It
is broken down into subprograms to make modification and understanding
easier. The program is also well documented throughout with comments,
so a detailed description will not be given. However, an overview of
the program structure is shown in Figure Al, and a brief statement about
each part follows:

Main Program. In this part, input data are read according to
the option specified and the various subroutines
are called to print initial data, calculate con-
solidation and stresses, and print solution
output.

Subroutine INTRO. This subprogram causes a heading to be
printed, prints soil and calculation data, and
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[READ NEW PROBLEM DATA] IQATAIN] 1
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Figure Al. Flow diagram of computer program CSLFS

prints initial conditions in each initial con-
solidating layer.

Subroutine SETUP. SETUP calculates the initial and final void
ratios, coordinates, stresses, and final settle-
ments in each initial consolidating layer. It
also calculates the various void ratio functions:
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from input relationships between void ratio, ef-
fective stress, and permeability.

Subroutine RESET. 1In this subroutine initial conditions are
modified each time a new dredged fill layer or
surcharge is added to the consolidating layers.
The subprogram also calculates new final settle-
ments and resets the bottom boundary pressure
gradient.

Subroutine FDIFEQ. This is where consolidation is actually
calculated. A finite difference equation is
solved for each nodal point in the consolidating
layers at each time step between specified out-
put times. Void ratio functions and pore pres-
sure gradients at layer boundaries are also re-
calculated at each time step. Just before each
output time, consistency and stability criteria
are checked.

Subroutine VRFUNC. The functions a(e) and B(e) required at
each time step in FDIFEQ are calculated in this
subprogram.

Subroutine STRESS. Here, the current convective coordinates,
soil stresses, and pore pressures are calculated
for each output time.

Subroutine INTGRL. This subroutine evaluates the void ratio
integral used in determining convective coordi-
nates, settlements, and soil stresses. The
procedure is by Simpson's rule for odd or even
numbered meshes.

Subroutine DATOUT. DATOUT prints the results of consolidation
calculations and initial conditions in tabular
form. Examples are shown in Appendix C.

Subroutine DATAIN. This subprogram reads the data from a pre-
vious program run so that future consolidation
can be calculated without having to recalculate
previous consolidation.

Subroutine SAVDAT. The data from the current program run is
written to a file in the format required to be
read by DATAIN.

Variables

The following is a list of the principal variables and vari-

able arrays that are used in the computer program CSLFS. The meaning of

each variable is also given along with other pertinent information about
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it. If the variable name is followed by a number in parentheses, it is

an array, and the number denotes the current array dimensions. If these

dimensions are not sufficient for the problem to be run, they must be

increased throughout the program.

A(101)

Al(11)

AF(101)

AF1(11)

AHDF (10)

ALPHA(51)

ALPHAL (51)

BETA(51)

BETAL(51)

BF(101)

BF1(11)

DA

DSDE(51)

the Lagrangian coordinate of each space mesh
point in the dredged fill layers.

the Lagrangian coordinate of each space mesh
in the compressible foundation or layer.

the function a(e) corresponding to the cur-
rent void ratios at each space mesh point in
the dredged fill layers.

the function a(e) corresponding to the cur-
rent void ratios at each space mesh point in
the compressible foundation or layer.

the initial height of added dredged fill layers
in Lagrangian coordinates or the amount of
added surcharge on a compressible layer.

the function a(e) corresponding to the void
ratios input when describing the void ratio-
effective stress and permeability relationships
for the dredged fill.

the function a(e) as above except for the com-
pressible foundation or layer.

the function B(e) corresponding to the void
ratios input when describing the void ratio-
effective stress and permeability relationships
for the dredged fill.

the function B(e) as above except for the com-
pressible foundation or layer.

the function B(e) corresponding to the cur-
rent void ratios at each space mesh point in
the dredged fill layers.

the function B(e) corresponding to the cur-
rent void ratios at each space mesh point in
the compressible foundation or layer.

the difference between the Lagrangian coordi-
nates of space mesh points in the dredged fill
layer.

1]
the calculated value of do’ corresponding to
the void ratios input whenedescribing the void
ratio-effective stress relationship for the
dredged fill.




——

DSDE1(51)

DUP

DUDZ1§

DUDZ11

DUDZ21

DZ

DZ1

DQ

E(101)

EQ

EQ@Q

E1(101)

E11(11)

EFFSTR(101)

EFIN(101)

EFIN1(11)

the calculated value of %%— as above except

for the compressible foundation or layer.

the drainage path length in an incompressible
boundary layer used for computing the semi-
permeable boundary condition. This value is
originally input in Lagrangian coordinates
but is changed to material coordinates by the
program.

the excess pore pressure gradient in an incom-
pressible foundation at its boundary with the
compressible layer.

the excess pore pressure gradient in the com-
pressible foundation or layer at its boundary
with an incompressible foundation.

the excess pore pressure gradient in the dredged
fill layer at its boundary with a compressible
foundation or incompressible foundation.

the difference between the material or reduced

coordinates of space mesh points in the dredged
fill.

the difference between the material or reduced
coordinates of space mesh points in the com-
pressible foundation or layer.

the initial additional surcharge placed on a
compressible layer.

the current void ratios at each space mesh
point in the dredged fill.

the void ratio in the incompressible foundation
at its boundary with the compressible layer.

the initial void ratio assumed by the dredged
fill after initial sedimentation and before
consolidation.

the initial void ratios at each space mesh
point in the dredged fill.

the initial void ratios at each space mesh
point in the compressible foundation or layer.

the effective stress at each space mesh point
in the dredged fill.

the final (100 percent primary consolidation)
void ratios at each space mesh point in the
dredged fill.

the final (100 percent primary consolidation)
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EFSTR1(11)

ELL

ELL1

ER(11)

ES(51)

ES1(51)

F(101)

F1(11)

FINT(101)

FINT1(11)

GC

GCl

GS
GS1

GSBL

GSDF

HBL

void ratios at each space mesh point in the com-
pressible foundation or layer.

the effective stress at each space mesh point
in the compressible foundation or layer.

the total depth of the dredged fill in material
or reduced coordinates.

the depth of the compressible foundation or
layer in material or reduced coordinates.

the current void ratios at each space mesh
point in the compressible foundation or layer.

the void ratios input when describing the void
ratio~effective stress and permeability rela-
tionships in the dredged fill.

the void ratios input when describing the void
ratio~effective stress and permeability rela-
tionships in the compressible foundation or
layer.

the void ratios at each space mesh point of the
previous time step in the dredged fill.

the void ratios at each space mesh point of the
previous time step in the compressible founda-
tion or layer.

the void ratio integrals evaluated from the
bottom to the subscripted space mesh point in
the dredged fill.

the void ratio integrals evaluated from the
bottom to the subscripted space mesh point in
the compressible foundation or layer.

the buoyant unit weight of the dredged fill
soil solids.

the buoyant unit weight of the soil solids of
the compressible foundation or layer.

the unit weight of the dredged fill soil solids.

the unit weight of the soil solids of the
compressible foundation or layer.

the specific gravity of the soil solids of the
compressible foundation or layer.

the specific gravity of the dredged fill soil
solids.

the unit weight of water.

the initial height of the compressible founda-
tion or layer in Lagrangian coordinates.
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HDF

HDF1

IN

INS

I0UT

IOUTS

LBL

LDF

MTIME

NBDIV

NBDIV1

NBL

. .
PO N v Y

ND

dredged fill layers.

the initial height of the first dredged fill
layer in Lagrangian coordinates.

the initial height of later dredged fill layers
in Lagrangian coordinates.

an integer denoting the input mode or device
for initial problem data which has the value
"10" in the present program.

an integer denoting the input mode or device
for problem data from a previous computer run
which has the value "12" in the present program.

an integer denoting the output mode or device
for recording the results of program computa-
tions in a user's format which has the value
"11" in the present program.

an integer denoting the output mode or device
for recording the results of program computa-
tions in a format for continuing the computa-
tions in a later run which has the value "13"
in the present program.

the number of data points used in describing

the void ratio-effective stress and permeability
relationships in the compressible foundation or
layer.

the number of data points as above except for
the dredged fill.

the number of additional output times when con-
tinuing a previous computer run.

the number of parts the initial dredged fill
layer is divided into for computation purposes.

the number of parts the compressible foundation
or layer is divided into for computation
purposes.

an integer denoting the following options:

1 = consolidation calculated for dredged
fill layers and a compressible
foundation.

2 = consolidation calculated for dredged
fill layers only.

3 = consolidation calculated for a single
compressible layer only.

the total number of space mesh points in the
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NDATAl

NDATA2

NDIV

NDIV1

NFLAG

NND

NNN

NPROB

NPT

NST

an integer denoting the following options:

1 = this is a new problem and data will be
read from file "10".

2 = this is a continuation of a previous
computer run and data will be read from
file "12".

an integer denoting the following options:

1 = do not save data for later computer run. ﬁ

2 = save data on file "13" so that calcula- s
tions can be continued in a later L
computer run. ;

the number of space mesh points in the initial
dredged fill layer.

the total number of space mesh points in the
compressible foundation or layer.

an integer denoting the following:
0 = print current conditions heading.
1 = print initial conditions heading. ‘

an integer counter which is used in tracking
the output times for each computer run. F

an integer used to denote the total number of
parts into which the dredged fill layers are :
divided for computation purposes.

an integer counter which is used in tracking
the total number of time steps through which
consolidation has proceeded.

an integer used as a label for the current
consolidation problem.

an integer denoting the following optionms:

1 = make a complete computer run, printing
soil data, initial cnditions, and cur-
rent conditions for all specified
print times.

2 = make a complete computer run but do not
print soil data and initial conditions.

3 = terminate computer run after printing
soil data and initial conditions.

an integer line number used on each line of
data input and on data lines output for use in
a later computer run.




NTIME the number of output times during the initial
computer run of a consolidation problem.

PK(51) the function 1 i Py corresponding to the

void ratios input when describing the void
ratio-permeability relationship in the dredged
fill.

PK@ the function for the incompressible

.
l+e
foundation layer.

PK1(51) the function corresponding to the void

1 +e
ratios input when describing the void ratio-
permeability relationship in the compressible
foundation or layer.

PRINT(25) the real times at which current conditions in
the consolidating layers will be output.
Qe the initial overburden on a compressible layer.
Q1 the current total surcharge including overburden

on a compressible layer.

RK(51) the permeabilities input when describing the
void ratio-permeability relationship in the
dredged fill.

RK1(51) the permeabilities input as above except for
the compressible foundation or layer.

RS(51) the effective stresses input when describing
the void ratio-effective stress relationship
in the dredged fill.

RS1(51) the effective stresses input as above except
for the compressible foundation or layer.

RWL(10) the new height of free water surface above the
bottom of the compressible foundation or layer
after a new dredged fill layer or surcharge
has been added.

SETT the current settlement in the dredged fill.

SETT1 the current settlement in the compressible
foundation or layer.

SFIN the final settlement in the dredged fill layer
presently existing.

SFIN1 the final settlement in the compressible founda-
tion or layer under present loading conditions.

TAU the value of the time step in the finite dif-
ference calculations.
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TIME
TPRINT
TOSTR1(11)

TOTSTR(101)

U(101)

Ug(101)

Ug1(11)

U1(11)

UCON

UCON1

UW(101)

UW1(11)

VRI1

XI(101)

XI1(11)

Z2(101)

Z1(11)

the real time value after each time step.
the real time value of the next output point.

the current total stress at each space mesh
point in the compressible foundation or layer.

the current total stress at each space mesh
point in the dredged fill.

the current excess pore pressure at each space
mesh point in the dredged fill.

the current static pore pressure at each space
mesh point in the dredged fill.

the current static pore pressure at each space
mesh point in the compressible foundation or
layer.

the current excess pore pressure at each space
mesh point in the compressible foundation or
layer.

the current degree of consolidation in the
dredged fill.

the current degree of consolidation in the com-
pressible foundation or layer.

the current total pore pressure at each space
mesh point in the dredged fill.

the current total pore pressure at each space
mesh point in the compressible foundation or
layer.

the initial total void ratio integral for the
compressible foundation or layer.

the initial height of free water surface above
the bottom of the first dredged fill layer.

the initial height of free water surface above
the bottom of the compressible foundation or
layer.

the current convective coordinate of each space
mesh point in the dredged fill.

the current convective coordinate of each space
mesh point in the compressible foundation or
layer.

the material or reduced coordinate of each
space mesh point in the dredged fill.

the material or reduced coordinate of each
space mesh point in the compressible foundation
or layer.
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ZK@ the permeability in the incompressible founda-
tion at its boundary with the compressible
layer.

Problem Data Input

6. The method of inputting problem data in CSLFS is by a free

field data file containing line numbers. The line number must be eight
characters or less for ease in file editing and must be followed by a
blank space. The remaining items of data on each line must be separated
by a comma or blank space. Real data may be either written in exponen-
tial or fixed decimal formats, but integer data must be written without
a decimal.

3 7. TFor an initial problem run (i.e., NDATAl = 1), the data file

should be sequenced in the following manner:
b a. NST, NPROB, NDATAl, NDATA2
}
b. NST, NPT, NBL

NST, GSBL, HBL, WL1, LBL, Q@, DQ
NST, ES1(I), RS1(I), RK1(I)

NST, GSDF, HDF, WL, LDF, E@@#, GW
NST, ES(I), RS(I), RK(I)

NST, Ef, ZK®, DU

NST, NBDIV, NBDIV1, TAU, NTIME
i. NST, PRINT(I), AHDF(I), RWL(I)

les e

fm {m

.

1= e

- It should be pointed out here that NST may be any positive integer but
must increase throughout the file so that it will be read in the correct
sequence in the time-sharing system.

8. The following exceptions and explanations should also be noted
for particular line types:

Aj Line type c: Q@ and DQ have nonzero values only if NBL = 3.

“ If NBL = 2, all data values are set to zero
. except NST.

Line type d: There are LBL of these lines unless NBL = 2, and
then there will be one line with all values set
to zero except NST.

' All

I e Vamal ke,




Line type e:

Line type f:

Line type i:

If NBL = 3, all values on this line are set to
zero except NST and GW.

Ther are LDF of these lines unless NBL = 3, and
then there will be one line with all values set
to zero except NST.

There are NTIME of these lines.

9. For the continuation of a previous problem run (i.e.,

NDATAl = 2), the input data file should be input in the following

sequence:

Line type aa.
L'ne type bb.
Line type cc.

Line type dd.

NST, NPROB, NDATAl, NDATA2
NST, MTIME

NST, AHDF(NTIME), RWL(NTIME)
NST, PRINT(I), AHDF(I), RWL(I)

10. The following explanations should be noted for particular

line types:

Line type cc:

Line type dd:

AHDF and RWL are the values from the last line
of the previous computer run.

There are MTIME of the lines.

11. All input data having particular units must be consistent with

all other data. For example, if layer thickness is in feet and time is

in days, then permeability must be in feet per day. If stresses are in

pounds per square foot,

then unit weights must be in pounds per cubic

foot. Any system of units is permissible so long as consistency is

maintained.




APPENDIX B: CSLFS PROGRAM LISTING

1. The following is a complete listing of CSLFS as written for
the WES time-sharing system.
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nnng R0 SFIN = 0.0 5 SFINL = 0,0 3 WRILl = .0
AN 030 NHM = 1 § NM = |

anag n2g4n DR = 0,058 D2 = 1.0 5§ HDF1 = 0.0

onng ssn nnZi1t = 0.0 5 DUDZ2T = 0.0

aG6H1 GRA0 21 = Q0 + DO

N001 08700

-~

Aol S
I.J'L.»-—-.._ .

e
I 4

g

[ S
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[ VR O U U,

{

iv
GOOL 0SS .. .PEINT INPUT DRTA AND MAEE INITIAL CALCULATIONT i}
NONE RS . CALL INTRO bl
I IF ‘NFT (ED, 3 STOP ;
NaANT Gt 0 =070 =
AL e ne i
D AN oL MEW COMZDLIDATION TIMEZ SND DATA b
Qo sed o 4 READCING100% NST«MTIME |
AONT 0SS0 CALL TATRIN 5.1
DD N9an FERDcIMe 100y NSTeAHDF CHM=1) s FLIL (HM=12 iE
AOHL =T DO S I=MMsMTIMF ¥
U R EN READ (IMe 100V METsPRINT VI AHOF L s PLIL ¢ ] IS
M LERD = COMTIMUE !i
ety 1 a0ag ;‘
DN B D DS oo PERFOPM CALCULRTIONE TG FRCH FRINT TIME AWD DUTPUT SETULTE :
agnLLnzn & DO & K=sHMaNTIME b:
HOTS § Y TRRINT = PRINT Ok :
NNy ean IF v g0, 1» 2070 7 ;
aNaL1nsn HOF1 = AHDF '%=13 -
anG1 1 0EN L1l = Rl ck—11 3
ANHLLGT O ERLL PESET .E;
ANy s T CRLL FDIFED !
Wi S CALL STREZ. o
HUBSS NI CRLL DATOUT ’}
FOO11110 2 COMT THUE 4
DML LS00 }
OUG11130 IF ‘HDATARZ (EN. 3»  CALL SAVZYDAT
NgoiLtand .
Goa11150 2TOF
COnt116an ENE {
NONg1LIF ]
annt1Lang |
3
H
]
|
)
:
p
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AOOSNAND

nonE
ANASNn70

ANNS OG0
AONS 03
noonsaton
NOnSnIIn
nmmnzatsn
nang st Lo
ORI

nonIniSn

nNanEn
fang
(H]
D S
A0S ndnin
RIS
NHENz032n0
ONNZ0d 30

g2 nd3¢
o022 0451
NS 04e 0

e T

IUERFDUTINE INTRO

0400000000000 0000000000000000000000000000000000000
¢ INTRD PRINTI IHEUT DRTA AND PESULTE OF INITIAL e
¢ CRLCLLATIONT IN TAELLAR FORM. .
0000000000000 0000000000000000000000000000000000000

DR« DUOsDUNZ Qe DUDT 1 1« DUDZE 1 s LS s D2 1o Do ENSEGNS ELLSELL L
BB C1s BT i3T s GIBLSIDF s e HEL « HIF s HOF 19 TMs THEs IDIT
IOUTSsLELs LOF s MTIMEs HENIYs NED IS L s NEL MO MOIVa NDOIY LS
MFLRSHMe NPPDEs NPTy HHDs MMM NTIME«PEN« DN 31« SETT« ZETT L
CFINs SFIMLs TR TIME« TRRINT «CTH LCONL1 s WP T 1 abiL o ML 1 s ZK Oy
FYIOED sAL 110 s RFVLNLD o AF L T 11 s RLFHR (ST s FLPHAL 1510
BETR.SIVSBETAL VS1 o BF 71N s BEL ¢ 11 «DEZDES1 «DIDEL Sy
Ecti1ysEL 1Nl eEL11 11y sEFIH 101 EFIML 115 +ERVILT e
EZCS1y sETL SL v oEFFITROLIOID s EFETRI L1 e F 112 s F1 7 s
FINTOIO13 o FINTL (110 o PR CTLY o P L dSIY aREKCS10 s FE L 7S e
FEvS12 sRIICS1« TOTSTR 101« TOSTRL (10 s 001010 6133 v 10y
DS R AI 0N B YRS ¥13 SRR LTSS RS IS KIS RS S W B PN

FAS R ERIS NS S I

COMMON

e o o FFINT PRGELEM HLOMEEF AHD HERDING

WMEIFE TOUT. 1000

WFITEVIOUT. 101

WMRITECIOLT 102

WRITE Y ICUTs 103 HFROE

CALL. SETUR

IF «HFT ER., 2 RETUFH

IF ¢MNEL .EB3. 2» SETO &

...FRINT =DIL DATR FOR COMPREZSIERLE FOUMDRTION

WREITE CIOUT 104>

WMRITE " TOLT. 105

WRITE CT0UT . 10050

WRITE "IDLITs 107y HELs GERL WL« 00

WEITECIOUT 103>

WRITE «IOUT. L Q=2

0 1 I=isLBL

WRITECIOUT 110 TeEZLCIDsRIICIY s REL TN o P I s RETRL OIS
DEDEL CT s RLFHAL ¢T3

CONTIHUE

IF ‘HMEL .E, 2+ 53070 4

...PRINT ZOIL DATR FOF DFEDGEL FILL

WEITE IOUWT1112

WRITECIDUT 112

WRITE CIOUTs 113

WRITECIDUT« 114 HOF«3IDF s WL s EQQs 5h

WRITE (IDUT. 1030

MRETITE CIOUTs 1 03

oo 3 I=1+LDF

WRITECTOUT 1100 T-ETCIsRIeIy oPK CIDaPK I sEETA T

3 COMTINUE

DETECId s RLFPHRA VI
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B N

ONOaZas3ag
AONENSI0
QuO20NS40
ANNZASSN
NN OASA 10
YOS 0ST G0
GAnS 0SS0
QNNgnNssn

anoS el o
NAN20SZ
NNz 0e Xn
NG ArRan

noio
nan
nAaNSNFIO
nansoTEn
AROS0TR0
TNNZNTH0
ONO2NTsn
NOS0Fen
AADZGTT0

auNS NS H0c
OOU2031 67
MA20320
002 Gaz0
NNN2 094 Nc
NONZNSSNC

oo o PPINT CALCULATION DATHA
4 WRITECIOUT. 115
WRITE/IOUTy 1163
WRITECIDUTS 217D
WRTTECIOWUT» 1182 TRUSEDNS 2K0s DLIO
<« PRINT TARLES OF INITIAL COMDITIOMI
NMFLRS = |
CRLL DATOUT
HFLRG = O

«..FORMATS
100 FORMAT F1HY < rsr 79y A0 CTHO Y

101 FORMAT v3e $IHCONSOLIDATION GF ZOFT LAYERS EY FINITE STRAIN --

& 1ZHIREDGED FILL>

112 FORMAT v9Xs &0 1He)

102 FORMAT .- 3%s 14HPROELEM NUMRER. T4y

104 FOFMAT ¢~ 13 1He « ZPHEOIL DATR FOR COMFRESZIELE FOLNDRTION.
E2 1701He )

105 FORMAT ¢~ sSHLAVER £« 1ERSPECIFIC GRAYITYsd4:s 1 1HWRTER LEYEL S
b FTHIHITIAL:

10 FORMAT (3 FHTHICKNE T2« 3:4 3HOF Z0OLIDSy TX« 1IHFFOM ROTTOM. 33,

2 IHILRCHARGEY

Gr e P2, 2y TRFE, 22 1N FR, 20D

12 FORMRT ¢ CAHVOIDs 2¥s FHEFFELCTIVE « 34 SHFEFM= 3 Sy SHK - 1 +E>

103 FORMAT c4Xe SHI  RATIOs 4+ HSTREZZ» 2
R 2 Xy GHISDE » Sy SHARLFHA?

XaIZe1nsFE,3y5E10, 2>

s 23 lIHe s EeHEOIL DRTR FOP DPENGED FILLs22c1He)s o

SHLAYER ! 1EHEPECIFIC GRAYITY»3Xs 1 THUATER LEVELS

THINITIAL 11HUNIT WEIGHT?

SHTHICKMNE= s T4e IHOF ZOLINZ s &xs 11HFROM EQOTTOM:.
" 10HY0ID RATIOSXs [HOF WMRATER:

114 FORMAT ¢ 2XeF3.3s8XKsFS. 2034 FB. R3¢ SHsFR. 293 7HFEL DD

115 FORMAT (orrs 2301 Hed s IRHCALCULATION DATH S 1 He

116 FDORMAT o/ oSXs 2HTALE 10 1 THLOWER LRAYER s 7Xs 1 1HLOMEP LAYERs T
k2 1 3HDRAINAGE PARTH)

117 FOFMAT 721« 1ORVYOID RATID 25 1 2HPERMEARBILITY s 9 s cHLENGTH

112 FOFMAT r-dsE11. Ty Qs FR, Sy IXsE11,Ss Vs 3HZ =sF2, 320

107 FORMAT ¢

110 FORMAT ¢
111 FORMRT ¢
112 FOPMAT ¢

113 FDFMAT«

et

RETLIRNM
END
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“ R A e

GRLIOANNN
apoang ac
nguzors o
ONNENGI0C
NeOanndng
ANDINNS M
NANIN0E 00

annsaren
ANENLI N
03Ny
ARNIN1SG
NON3IAIS0
NaN3IN1an
Annamyo
oOpza1E0
MIEzALen
OO0 n0r
LD S WIS

aNa3INRNn
NANZN3IL N0
NON2GEENC
NN 0230

000303 NG
NONZHd L 0
nagngan
0Qn3Na30
nHo3INddan
NOO20450
anINas
NOHZN47A0
NNn3ING=0
NNN3IN32{
NON3NSNN
oNoZ0S10C

LU R R

g

& %

»

SUBFDUTIHE SETWP

000000000870 00000000000900000000000000004000000000000
¢ TETUF MAKES INITIAL CALCULRATIONT AND MAMTPULARTIDONT e
e OF INPUT DRTA FOR LATER UZE. .
0000000000000 0000000000000004 0900400600000 000060040000

CoMMOH DRWDUI, DUDZI 0 DUNZ 11 s DUDZZ 1 s DZs DI s DO EOSENOSELLSELL
BBl sBEs BT 5IEL s GIDF s 3his HRL s HDF s HDF 15 T TN IDUIT
10UTSLRLyLDFs MTIMEs NEDIY« NRDIV1 s NEL s NDs HD IV o DI 1 s
HFLAG s NMy NPFROBNPTs NNDs HNN« HTIME s PE Qs O D1 s SETTS TETTL»
SFINASSFINLs TAUs TIME« TRRINT s UCONCUCON1 « YRT1sbiLsid 1 s 2K O«
AVL0LY s AL (LU s AFCLGLY s AFT (11D W RLPHR S0 s ALPHARL 7S
BETACS1)yRETAL (510 BF 710195 BF1 <113 DIDE (S12»DSDEL S1)
Ec1010sE101010sF11 7119 s EFINCIOL»EFINLCLL13ERLILD,
EZCS10sES1 (S s EFFSTRAIO1D sEFSTRY (115 o F 1010 oF1 611Dy
FINTCI01) »FINTI AL o PK (S s PKL1 €515 RK (515 RM1¥517 s
FZOS10eREL SIS TOTETR 101D s TOSTRE V110 s 010t s UL 810
(OIS RSB SRITNES §73 RETATE e § RIS 68 N RS § e BN
RS NI RNV RS R

«e o ZET COHSTANTS
NOIV. = MEDIY + 1

NI = NDIV

BT = SIDF e 5

B- = 33 -~ B

331 = GIBRL o i5W
GC1l = GY] - QY
NOIY1 = MEDIVI + 1

PED = ZED - (1,04+E0
DI = DUy - V1, 0+EQ)
IF ¢MEL .E@. &% 6070 14

o JCALCINLRTE ELL FOP TOMPRESSIELE FOUNDRTIOM LRYVER

nZg = 0.0 '
MED = 10 & MERNIV1 ;
LAEL = HEL ~ FLOAT (NEID !
EFZ = QN i

DO 4 I=1sHBD
D0 1 N=2.LBL

St = EFS - PZ1 (N !
IF 3t LE. 0.0 507D 2 |
CONTIMUE ?
¥ = ES1«LRLY § GOTO 3 i
NN = N-1 - i
Vo= ES1et + SIS cESLI NN —-ESL N/ (RST CNHI-RI1 N2 ¥ ¥ i
TDZ = DARL -~ (1, 0+ :
EFZ = EFS + GC1eTD2 |
DEZ = D22 + TDZ /|
CONT INUE i

ELLY = D22
D21 = ELLY - FLOATCNBDIVLD
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NANINS2 00 o JURLCULRTE INITIAL COOFDIMATES AND wOIU RRTIDZ
BONZOSTOC . FOR TOMPPESIIBLE FOUNDATION LAVER

DS Z101y=0.0 3 AL =D, 0 53 “Ttety=0,0

ODO30SSH EFT = 301 o ELLL + 90

aN0INSLQ Do 2 I=1sNOIYVY

nan3Ins’T D0 S N=SWLRL

AAO3IGSED 1 = EFT - RT1 N

NARINSan IF 75t JLE, 0. &OTO &

NOT= D& S CONTINUE

BON30RL N E11¢I» = ES1C(LBLY % &DTO 7

NaN30ec N & NH = H-1}

AanzAn 0 E110Id = ES1LINY + CS1e(ETLINMNY-ESL (N)» /(RPIY (M ~FI1 VNI 33
SOG3NE 4 VT FL1dly = E11 DD

AGGIeS0 ER<I» = E11<I>

QNORNGED EFS = EFS ~ GC1leD21

R0 TN 2 COWRTINLE

DO ED LA

CALL INTGRL(ERsDZ1sNDIVISsFINTL)
0 9 I=8sHRIVi

N3N 00 J10(I» = Z1¢I-1> + D21
ilci g 81 RICTY = 21400 + FINTLIC])

NANZOTEDN
A0N07 20
NON207S N
ANnANTSOC «««CALCULRTE ELL FDOR FIRST DREDSED FILL LAYEER
10 ELL "= HDF - <1, 0+ENDD

IF ‘NEL .E2, 2 &DTO 1S

RXI1(Iy = AY (I
A CONTIMUE

.. «CRALCLILATE INITIAL COORDIMATES AMD SET YOID RATIOS
IZ = ELL ~ FLOATHEDIW»

Jety=n, g 8 RaLi=N.0 § o XTOEv=0.0

E1CIy=E00 3 FOlx=E0N § E<1)=E00

bR = HLF « FLORT {MEDIVS

oo 1 I=2«HDIY

11 = 1-1

Z0Iy = ZCTI + D2

A7y = ACIIs + DA ﬁ
N RICIY = AT :
NOA3IA390 E1¢Ix = EOQOQ ;
AGR2Q300 Fily = EQI H
ANN2 %10 Efly = EOD !
NMONINAZ0 311 COMTINUE !
PORORI00 :
ONPRN3I00 . CRALCULATE FINAL YOID RRTIO: FOF DREDGED FILL i
y AL EY T U0 14 I=1.HEDIVY
4 AR NRED 31 = SCeCELL-ZC¢I»D :
IF <31 ,LT. 0. &1 = 0,0 j

DO 12 H=2.LIF
32 = %1 - RICND

IF 3@ JLE. 0,0 &O70 12 l
na3intg 12 CONTINUE
a3y oen EFIMCIY = ESCLDFY 5 GOTO 14 j
X MINZIGIE 13 NM = M-l :
- RAN3 G40 EFINCID = ES(NY + (SZeCESNNY—EZ vNY 2/ (RS NMY =RE K3 3 ) \
- Aon2105H 14 COMTINUE
F 031060 EFIN(NDIVY = E00
;33 anGTLNTAC {
¥ '
g
4
+ ‘ ‘
3
B8
; .




- e . L
b A g
o Ml b el e

i

NG 020
MO a0
a0 on
DIUER S S R
nnnatLaa
aoN31130n
Q0031140
Npo0311sSn
nnnz11eo
nouzI1Ivo
nooxt120
MUEIBEL]
O3 Enn
NN ES 3 BY
(LI UED RERed
ANDTIZ 300
Nz 2400
Goa312500
NAQ3LER0
NNO3IIETH
LLTOES Fos=31)
nonNz1E3n
NOD2L AN

nNs1iIs0
NOORT 3300
anN21240

NONIL1I0070
o014 0
ANnztaza
031430
NNOIT440
AQa2145n
NoN314e0
02147060
na3L4sn
nnnz1423a
mn31saNc
NOO2151 00
MnoLs2oc
NS0
MNz1s40
ANH 1SS0

139

21

<+ +CRLCULATE FINAL vOID RATIOT FOR FOLNMDATION
IF (NBL .EQ. &> 60TO 20

Cl = ELL1e53CY 3 C2 = ELLeRC + 0t
S1 =71 + 22

DO 13 I=1,HIIVL

S2 = T1 - Z1dDreiniy

D0 18 N=Z.LPRL

S2 = I - RI1CMD

IF 723 .LE. 1,0y 3DTO 17

CONT INUE

EFIN1CIY = EZ17LBLY § BOTO 12
NN = H-1

EFIM1 I = ES1CNY 4+ (RROCESTI MM —EZ 1IN ) ~(REL NMH~RZ1 v 2
CONTIMUE
IF “HEL .ER. 3 ERNDIVID = EFINL'NUIVIY

e  +CALCULATE INITIAL TTRESSES AND FORE FREZCURET
ee...FOF EOUNDATION LAYER

DO 19 I=1sNDIV1

U1 eIy = Sk CWL1-XI1CIno

WIy = C& - o0

UMl <I? = Yn1ced + ULl

FFITR14IY = 71 - 30162171y + Q0

TOSTR1CI} = EFSTRICID + Ll Ty

CONT INUE

vese o JLTIMATE SETTLEMENT FOR COMPRESSIELE FDUNDATION
YRI1 = FINT1<HDIVID

CALL INTGRLCEFIN12DZ1sNDIVISFINTDY
IFIHY = YRI1 — FINT1NDIVL

IF ‘NEL .E@. 3 50TO &5

.+s2.FOF DREDGED FILL LAYER
DO =1 I=1sNDIV

LHICTY = Gt & WL =XIClnn

INCTy = 30 e JELL=ZVvIvn

YTy = WOy o+ eI

EFFZTRCIY = 0.0

TOTITPIY = UWCIY

CONTINUE

vesadJLTIMRTE SETTLEMENT FOR DREDGED FILL
CALL INTGRLC(EFINsDZsNDIVFINTS
SFIN = EONeELL ~ FINFINDIV>

.« CALCULATE FUNMCTIONS FOFP DREDGED FILL
vee. . PEPMERRILITY FUMCTION

Da 22 I=1sLDF

Fkaly = RE Y~ 7L, D+ESYIY D

CONTINUE
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NON3ITSeNC oo+« SLOPE OF PERMEREILITY FUNCTION -- EBETA

NS AC veeeRMD SLOPE OF EFF ZTRESS-vOID FATIO CURVE -- DTDE
NORILSRN Ch = ES¢2y - ESC1?
RNI154N BETR1Y = (PKI»=PKF 1Y) » CD
NI R0 NEDECLY = RS ~-PS 1Y ~ LD
MN31e10 L = LDF -1 J
oNn3ieel 00 23 I=23.L
0031830 II=1-1 § 1J=I+t
anp2tedn Ch = €37I.H - ESCIID 1
NOORITRSN BETR<IY = PK I -PKCII¥y ~ CD
NON31Ean DSDECI» = ¢PSCILH-RIIIIdY -~ N
A0 TN 23 CONTINLE
NDN31AEN CD = ESCLDFy - ESCL)
AONITEASN BETR(LDFY = PKADPY-PK>s ~ CD !
NONELTNG DIDECLDFY = «RSCADFY-RS<L3> -~ CD
NON217100 eses PERMERBILITY FUNCTION TIMES DSDE -- ALPHA H
Qo037 E0 b0 29 I=1sLDF
MORLTI0 ALFHACTY = PK<I> & DIDECI? [
nani1740 &4 COMTINUE
non>17%a IF ‘MBEL .EQ. &> o070 29
0021 7TR0C
NONz177 00 e sCRLCULATE FUNCTIONS FOR COMPRESSIBLE FOUNMDARTION i
NON217TI00 oo PERMEREILITY FUNCTION
NONI TR0 2S D0 25 I=1sLBL A |
ANR1ENG PKLICIY = RKLCIY » C1,0+4ESL DD
1 26 COMTINLE i
1 . eee..3LOPE OF PERMERRBILITY FUNCTION -- BETRIL
N1 R30C veeeeAND SLOPE DOF EFF STRESS-YOID FATID CURYE -- LSDE1
OR300 Ch = ES1¢2>» - ETL1>
GNOT LSO BETR1:1» = (PK1(2>-PK1(12> ~ 2D 3
nno 3] DEDEL Iy = (PSL2y~-RE1 (10 ~» CD
annzg 1 L = LEL - 1 :
ANnR1SE0 Do 2v  I=2sL R
nor31890 IlI=1~1 3 TJ=1+1 3
anN3Laan Ch = ESt(1y - EStECIIS
EUTHES B2 N1 BETRI (I = PRICIN=-PKI(II®Y ~ CD
ARz 0 DSDEL VI = RPRITIN-FILIINY ~ CD
NNoz13%n0 27 CONTINUE
QONR1940 CD = EZ1JLBLY - ES1(LD
0oN=1350 BETRI 'LBLY = (PKI<LBL)>-PK1<L>» -~ CD
NN 950 NEDEL C(LBL> = YRS1(LBL)-RSt LY ~ CD
NON313700 cess o PEPMERRILITY FUNCTIOMN TIMET LSDE -- RLPHAL !
000215310 DO 2% I=1+LBL
NOGE1930 RLPRAL1 CI> = PK1CI> & DISDEL<ID
nnozennn 28 CONTINUE
no02201 00 i
HN2202 00 e» CRHLCULATE BOTTOM -BOUNDRRY DWIDZ
NN0OIz NN DUDIZ10 = Ltety 2 DUD
. aanzensn &% IF <NEL .ER. 2> DUDZ10 = L<dL> ~ DUO
NnNA2gnan0c
NN207 00 .. .COMPUTE VOID RATIO FUMCTION FOR INITIRL VRALUES
NERIS0IN CALL YRFUNC
NNa2e03nC
N anazs2iang i
b nog2R21110 RETLIFM
ﬁ; nonNa120 END
AGNR21200
3 nNooz1400
3
F +
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QN4 anng SURROUTINE RESET
nnednng o
DG NG m; C0000000000000000000000000000000000000006000000000
ONe4 0N e REZET UPLRTES PREVIOUS CALCULATION: TO HANDLE
TR N NEY i o ADDITIONAL DEPOSITIONS OF DREDGEL FILL. .
DAL HNSNC 0000000000000 0000009000 0000000000000 0006000000000
(YT ST
ARadnN7T o COMMOM DR« DUGs DUDZL 0 DUDZ L1 s DUDZ21 e D2y 219 DO EGEQLsELLSELL L
AN REIN * BCsBC1s63 s BS1 s 3TRLy GSDF s Slis HEL s HTIF o HDF 1 s INS TMHS TOUT s
4 NONG BN & IOUTS e LBLoLDF s MTIME, HEDIVo HELIY 1 NRLa NIs HDIY o NI VL,
3 NGB o0 b3 NFLAG«NMeNPROEBs HPT o NND HNMs NTIMEy PE O 00 01 s SETTY SETT Sy
nangdnign A& SFINYSFINLs TRUs TIMEs TPRINT s LWCON LWCOMNL s WRI Lo ML WL 1 2K 0y
nnnaniao & AvIDI? s AL D s RAF 101D s AFL (LD s ALFHR (S s ALPRATL (510,
nnndnLzo 2 BETACSI) s RETHLI (S12 s BF 1013 s BF1 (113 o DZDE VS5« DEDEL VSl
AONaG140 A ECIO1DsEL1 7101 s E1L V1L sEFINCLIOIY SEFINL (1L 0EF 11D
GhRNIQISH & ESvS12 sES1 (S1D«EFFSTR LD sEFSTRLI (110 sF 101D sFI 11D
0000140 & FINTCLIO01 2o FINTI 112 o PH o S10 9 FPKL1CS10 s RK (515 s RKL1 (S17
NEAL7 N & RECS1 SRS »TOTETROINI N TOSTRL 7L, UCL101) s U1 (110
anngingsa & RUESEOREIINIES S SFTIISHOSEII I NSSPERIES N IS NTS S UG S PR
nhedn1an i EOBE L3 B IP-A WS B )
fied a2 ong
AnodazIn IF "NEL LER. &% WL = WL1
BONANE2N IF (HDFt ,LE. 0.0 RETUPN
NN OF2AN IF ‘HEL EQ., 3 Q1 = HIF1 + 01
AU NZ40 IF «NFL .ER®. 3> 5070 S
NGNS o0 .- «CRLCLILATE ELL FOF MEXT DREDSED FILL LAYER AND PESET CONSTANTS
nINdOZa0 EL = RHIF1 ~ (1,0+EQ0)
ANDINIRS IF (HEL JER. 2> L1 = 10{1r + ELei3C
Nood0Ene LU1cty = 141> + ELeGC
noNeNz70 HDZ = JFIXCEL-DD
NONINZ2N ELL = ELL .+ DJeFLOAT CNDD
NON4NZ30 My = NI+ 1
L GE i NIl = ND + HDZ
AN nz10 NE = NI - )
QUNI 03200 oo s CALCULATE ADDITIONSL TOORTINATES AND SET VOID RATIOS
NANGN=2N DO 1 I=HveNMD
NOO4 03410 11 = 1I-1
2y = 24100 + B2
ACIY = RAIIY + DR
A1 Iy = JICKIIY + DR
g1<Iy = EQQ
L FoIy = EQD
‘ apud ad0n ECIy = €00
“ nongnalon 1 COMTINUE
K . i
¢
AR
<1 ?
< :
-4
W \‘ '
4
-4
-]
24

t Bl1l




——

JETRRES
.o Y e A

DENEEI
A0NG NI
0N adS G
HaNN4s0
G2 AANGE O
N3 NdT0
NG ENE RS
(U NELEEI
AN S H0
NN NS L0
NANINSS0H
aNNensSz0
NOGL RS0
NN NSS O
A0S NSE 2
ano3nsTo
LO0YSS0
AiNGNasQ
A0S Ne
N4 nNs LN
NOGA S0
O E DT
NOas g n
AN0d =50
DINGD G s
nangdoesn
AT Y-y
INNE ST
NONGNT RHc
NOnd T L0
I Yl
DE ] 3
a0 0700
Nng Ny 4s
NUNGazsn
NOGO7SS
NONGOTEN
GOOLOTT T
NANaQ7TRN
MOG3N
NONG s 00

(D ST )
NINANITH
nnnaNasnc

NOGEO=00
noNa0310
A0N4 N9z 0c
Goa4Nsz0c

fu

10

+«.CALCULRTE FINAL vOID FATIOT FOF DREDSED FILL
D 4 TI=)sNE

51 = FCeELL-ZKIY)
IF 31 (LT, 0,00 31=0.0
DO 2 NH=EsLIF

S2 = 11 - RPTIND

IF (%2 .LE. 0.0 07O 2
CONTINUE
EFINCIY = EZCLDFY § 5070 4

NN = M-t
EFINCIY = EZ(HY + (SZ®ESVHNY=ET M3« (RS VHNY =P3 (Ma ) )
CONTITHLIE

EFIN:NTIY = END

.. +CALOULRTE FINAL vOID RATIDT FOFP FOUNDATIONM
IF ¢NEL ER. 2} 507OD 2

C1 = FLLI1®SCL § O = ELLeSC + 131
3 =01+ 02

D0 3 I=1.HDIV1

3@ = Tl - ZidIyemCd

0 = =asLBL

I3 o= 32 - PELIMD

IF LLE. n.0» GOTE T
CONTINUE

EFIML«Ix = ESLCABLY 8 3QT0 =2

NM = -1
EFIMNL I = ESIM + (53 ESI MMHY-EZ1 v ~ (RS /My ~RIL (MY I D
CONT INUE

cee s JLLTIMATE SETTLEMENT FOP COMFRESSIELE FOUMDATIDN
CALL INTGRLYEFTINLIsDZ1sNDIVIFINTL)
AFINL = WRI1 — FINT1CNDIVID>

...FEZET BOTTOM BOUNLARY DUDZ

IF ¢MEL LER. 3> U1Y1d = Uldlr + HDF1
DIDTI0 = U101y o DU

IF ‘NEL .ED. 2> FRETURN

IF ‘MEL .EG. 3> DUDII0 = Ud1d -~ DUD

..... UL TIMATE SETLEMENT FOR TOTAL DREDSED FILL
CALL INTGRL EFINsDZsNDFINTY
SFIN = E0QeELL - FINTIND»

... ZET YOIl FATIO FUNCTIONT FOR FEZET VYRLUES
N o= Ny-t

oo 110 I=MYsHD

AF 1> AF <MY

BFcI> BF N3

CONT INUJE

FETLIRNM
END

B12

{s,;
o

-

T A T S -




. A«
fn b M me — o

QUOSAann
noasant ac
ARNSNN2 0
NOHRSHN N0
A NS NN
OONSNINS 0L
MOS0 00
A0S anNT ng
aansansng
AROSOH032an
AONS0Y 0N
apnRsSNLIn
annSn1sa
NoasSoE3a
NNOEHIInN
NOOSNESE
MOISB1E0
NONSeLETNn
NNASnLan
NOCSNLEn
GOS0 00

nnnsnzan
NOUSLESH
ANNSNSA N
NGOSER70
HaNSNEan

NONSGIS0
NOOSNI 200

NSy
=]
[ LR X
PN
NARSO3ISE0
oSN nn
NONSHI L
DRS040
NeNSnHs 20
aNNSNddn
NOAS A4S0
AANSnden
LD E P
anosSngsn
NHISN4A3N

T R gt

e 0%

TS
o

SUBRCUTINE FDIFER

P0000000000000000000000000000040000000040000000006000000000000
¢ FRIIFED CRLCULATES NEW vOID RATIOT AT CONSCLIDATION FROCEEDT o
& By A EXFLICIT FIMITE DIFFERENCE SCHEME BATED ON FREVICLT .
¢ YOIDL RATIOZ, 3SOIL PARAMETER FUNCTIONI ARE COHTTHMTLY .
¢ UFDRTED TO COPRESPOND WITH CURRENT 4OID RATIO. .
P90000000000000000000000000000000000000000004000000000000000000

COMMON DR DD DUGZ L e BUDZ1 1o DUDZE L« DEs D31 s DO ENCENOSELL ELL LS
BLsGCLs BT s DTty BZELsGENFy Glds HEL s HTIF s MDF 1« THo INS IDLIT
IOUTS s LBLsLDF s MTIMEs NEDIVYNEDIV1 s HRL s WO HOTY s MDT /s
HELRAG« MM« NPROEs NFT o MHD s HHNs NTIME s PK G 009 1 s SETT ZETT L
SFINSSFINIs TR TIME s TPRIMNTy LICONLICONL yWF I 1oL s WL § s ZF (is
RCOIQ1P AT AL »AF 101D s AFT 11D s RLFHA LS LY s ALPHAT 1515
BETARS1)+EETAL ‘S12 s BF 1010 s KF1 112 s DEDE S1 o DEDEL 1 T1 5 0
ECingseE1 10139 EL1LIC 110 eEFIH IOy EFIMLICILD sER L]0
EZ (S s BSOS 0 o EFFZTRVIOLD vEFETRL V110 s F el 0l e FL 0§ 1o
FINT IO s FINTL vt o FE CS10aPEL S o RE (S oK1 S0y
REZOS12 s RIICS1 e TOTSTR 101 « TOSTRL 110 s LI 101D o 0L V1L 0
NS ESERIIIORSSWRITITTS RO NI SR SRERS @S N TS S WS AN
20101321011

e e TET COMITANTE

CF = TR 'GhieDZx

D22 = DIec.D

MMTE = MDD ~ 1

IF (HEL .ED. 2» S0TD =

D212 = DZle2. 0

CF1 = TRU- (GuleDZ LD

IF <NBL .EQ. 3 ER{MDIW1) = EFIM1INDIVI)

LLO0OF THROUGH FINITE DIFFERENCE EQUATIOMT LUNTIL PFPINT TIME

... CALCULATE “OID RATIO OF IMASE POINT ANEG FIRST PEAL POINT
ees..FOF COMFPEZZIELE LAYER

00 2 I=3s.LEL

C1 = EROIY - ETLAOID

IF ¢t 5B, 0.0x 3070 3
COMTINUE

DIED = DSDEL«<LELy § OTO 4
I1 = 1I-1

NSEDL = DSDEL1vIY + <C1e+DSDEL I3 -DIDELCIIx) 2 CESICID>=ESL eI
FIND = F1¢3) + DZ12e (EC1+DUDZ11) ~DSED '
IF = SFLEEY=F1Q « 2.0

DFEDZ = (F1¢@y-2.0eF10iv+F10y ~ D2}

AT = YAF1(2x-RF1C13) ~ D21

ERr1y = F1(1) — CFle DIFecr1eRF] v1) +AC +IIFADTeRF1 ¢13)

IF CEPc1y LT. EFINLC1Y) ERCIY = EFINL¢1)

IF “ER<1y .5T. E11¢12> ERC1> = E11<1>

IF ‘HBL .E0. 3% 50TO 24
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«....FOF DREDGED FILL

O = I=3sLDF

1 o= Evly - ETCIY

IF o1 J5E. 0.0 3070 7
CONTINGE

DIED = DEIDECLDF. § GOTO =

IT = I-1
= DEDE Iy + «C1eiDIDECI»=DILECII}) - (FSel>—-EZ 11>
Fedd + DZ2eEI+DULZZ1) - DSED
Fri-F0y o E.0

Fi2d) =2 .NeF 15 +F0y - DZ

PY-AF (135 o N2

19 = CFe IIFe dGLOBF i1 +RINV+DIIF2ICRAF ¢ 100
LT, EFIMC<t»y Edly = EFIMCL)

e« CALCULATE VOID FATIO OF TGOF POINT IM COMPRESTIEBLE LAYEF
IF ‘MEL .EG®. 2 3070 &7
DO 3 I=3sLIF
21 = EX1y = ESA(ID
IF +C1 .GE, 0.0x SOTO 10
CONT INLIE
3T = RT<LDFY 3 SOTO 114
11 = I-1
EZT = RIly + (CleRIVIY=RECIIDY A ESCIY-EZCIT00
DE:ZT = E3T - EFFSTRd1:
Uy = i1ty - DEST
EFSY = EFSTRICNDIVIY + DEIT
D0 12 I=3sLEL
1 = EF:1 - RE1LID
IF v+t .LE. 0.0» B0TO 12

2 COHTIMOE
ER<MDIW1» = ET1cLEL ¢ GOTO 14

IT = I-1

ERMNIIVIY = ESIC0Iy + (C1ecES1 I -ESIAI 0w (RS CTID—-RIL (000

.. +REIZET EGLHDRY LUTT FOF DREDGED-FILL
DO 1S I=3sLEL

C1 = ER‘HEBDIVLY ~ EZ1YI)

IF o2t JGE., 2.0y 07D 16

CONTIHUE
ESZT1= FZ14LBL» § SOTO 17
IT = I-1

ESTY = FE1¢T) ¢ (C1e RV =FRI1CII D A CEZLCII=ESL I 02
UT1 = UL1<NEDIVLY - EZTI + EFITR1CNEDIV1:

MmpFie = UT - UT1y - D3Y

DO 12 I=2sLBL

C1 = EPCNDIVLY - EZtL'D>

IF C1 .GE. n,0v GQTO 19

CONT INUE

RFKEF = PK1_LELY § GOTO 20

I1 = I-1

PRPKER = PEL1 I + C1ePKLVID~=FKLTLv 2 2 VvEZLCIN~ES [0
DO &1 1=2sLDF

Cl = E<ty - EZVID

IF vC1 .3E. 0.0 607D 22

COMTIMLE
PKE = FKFILDFY ¢ GOTD 23
I1 = I-t

PFE = PRIy + ((ClePHCIV=FKCIIWY “CESvIY=ETeIIdvD

CTIDZ3t = DULZ12 & FFYER -~ PYE
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e JCALTILILATE HEW wDID RATIOS FOR REMRIMNDER OF MATERIAL
cees I COMPREIITELE FOULDRTION

DD &5 I=ZsMHEDIVY

IT = I~-1 %8 14 = 141

IF = FLil.hh=F171I»sy - &,0

DFEDZ = FLvT.H=Ftelres, 04F1 Il o D21

A = (AFY VI ~AFL (XD » DZIT

ER7Ly = FL Ul = CFleTIFe i RC1eRFI v [0 +RC +TFEDTeMF1 (10D
CONT THUE

cvs. . FEZET FDR NEXT LDODF

D0 e I=1snOIVL

F1iJy = ER"I"

ZOMT IMUE

IF «HBL .ED. 3 <0OTO 30

«.HEW wDID RATIOS IN DREDGED FILL
o 3= I=2>NMND

I1 = 1-1 8 14 = I+

DF = FOIO=-FcIl>n « 2.0

DFeDZ = Folbv=F(lbec, O+FilIxd> -~ DI
A o= RFCT0-RFYIIYY o DZE

EcJy = Fuldr = CFe(DFedCeRF I +R s +LFZDZeRF (I
CONTTHUE

..« LFETET FOR NEXT LOOF

Do 29 I=1shHND

FiI» = E«T)

2 CONTINUE

.. .FETFT ROTTDOM BOUNDREY DUDZ FOF COMPPEZZIBLE LRAYVER
IF “NEL LERD. 2> 5OT0 34

G =1 I=2sLBL

Ct = ERYLY - ES1(DY

IF 1 3B, O, 6070 3&

CONTIMLUE

SFEEF = P¥1LEL)

E3TL = RILCLELY § GOTO 33
1T = I-1

C2 = C1 < (EZ1{D~ES1CIDD

PRKER = FK1CD) + C2eFK1<II-PK1ID>)

EST] = P31 + CReRS1(I=RILIT
mIbZ11 = DUDT10 e PKO - RPKEFR

UT1 = L1 dly ~ E3TY1 + EFSTRICL)
DD = UTL. - DU

s0T0O 32
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...PESET ROTTOM BOUNDRRY DUDZ FOP DREDGEL FILL

DO 35S I=&:LIDF

1 = Ecly - ESC(DY

IF 21 JnE. 0.0 30TD 36

CONTIMUE

PKE = PK(LDF»

EST = RI(LDF» § GOTOD 37

II = I-1

C2 =01 7 EXCIY-EICIIND

PKE = R w2 4 S B o LS

EST = RTIVIY + C2O(RT(IV=-RE(II»y

DIDZEL = DUD210 e PKO - FKE

UT = 111y — EET + EFFESTR (15

DUR210 = UT - DUn

. .CALCULATE ALPHA AMD BETA FOR CLURFENT wOID FATIOS

2 CALL YRFUNC

e dCALCULATE CUPRENT TIME RMD CHECK RSARINZT PRINT TIME

TIME = TRU & FLORT "NHND

NHM = MMM+ ]

IF TIMF .LT. TPRINT .AND. MNEL .E®. 13 30TO 1

IF «TIME (LT. TPRINT .ANMD. NBL .EO. &» 6G0OTO S

IF «TIME .LT. TPRINT .ANL. NEL EG, 3» o070 1@

W CHECE ZTRETLITY AND COMIISTEMTY

IF “HRL .EG&. 2 /0OTO 33

STAE = RAES C(DZlee2eichy ~v3, (eRFT 1))

IF CSTRE JLT. TAU WRITECIOQUT.100% MPPOE

COME = ABI < S . DNeRFL (10 ) < CRC1eEFL ¢1) 0

IF «COMZ JLE. LT3y WRITECIOUT.101 NPROEB

IF ¢NEL LED. 3 PETLURH

STRE = REIvVDZee2enls -2, leRF T2 33

IF (ZTHRE LT, TRU» WRITE<IOUT.102" MPROE

COHT = RBZ 2, GeAF 7133 7 iGLeRF V130

IF <CDOHS JLE. DSy WRITE<IOQUT. 103 NPROE

v e FORMATE

FORMAT « So3GHSTRRILITY ERFDR —--FOUNDRTION --PROBLEM. IS

FORMAT ¢ - SOHCONT IS TENCY EPROFR ~-FOUNDATION ~-FPROEBLEM, IS

FOFMRT © "~ <4QHITABRILITY ERPOR -~LREDGED FILL ~-PROBLEM. IS

FOPMART ¢ - wr ~4HCONS I STENCY ERPFROF --DPEDSED FILL -—PROBLEMs IS)

PETLRM

END
]
Y
]
1
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NoNe 0Ez0 DO I=1+NHOIVL
NOOEDEINH DD 1 N=ZWLEL

p 1 = ERCIY - ESL oMy

IF vt J3E. 0.0y 50T0 2
1 COMTTHUE
RET1 ¢ = ALPHRYCLEL?
BF1 ¢TIy = BETRLCLELY § BGTO =
HH = N-1
M = 21 » CEZ1CNI-ETL (MM
AFL1YIY = ALFHR1 (MY + CMe CALPHAL (MY —RUPHR | (NN
EF1(I» = BETAI N> + CMecBETAL (M3 —EETR] (NN
3 CONTINLUE
iF "HEL JER. 37 RETURM

Ny

...FOF DREDGED FILL
4 LS 7 I=1«NNHD

DO S H=3sLDF

1 o= EVID) = ET M

HUIENES R IF <21 .GE. N, 0> 3070 5
NGOG G320 S CONTINUE
NS 42N AF Iy = ARLPHIRCLDEY
DoNEDI4G BFYI» = BETACLDFY § SOTO 7
NANBN4Sn 5 MM = M-t
NOOE DS oMo= Tt CET MY ~ES (NN
NAe N4 AF I3 = RLFHRINY & CHe vRL PHR ‘N =ALPHRA CNHY >
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SUBROLITINE TTRESE

000000000000 004000000000000000000000000000000000000000000
¢ IZTRPESE CALCULATES EFFECTIVE ITTREZSES, TOTAL “TREIZEZ,
+ ANHD PORE MATER FRETILPES BATED OW CURRENT VYOID RATIOD e
+ AHD WOID FPRTIO INTEGRAL. .
PP 0000000000000 00000000000000000000000050000000000000040

COMMOn DReTUNDLINZ1 0 DUDZ 1L s LUiDZE1 s D D21y DD EGsEGOs ELLIELL L
BCeiRT a3 331 s 3EBLsSELF s Gls RBL s HIF s HIF 1o THs IHEs JOUT »
IOUTSs LELsLDOF«MTIMEs NEDIVsHEDIV1 s HEL s NDs MO IV MO s
NFLAG HMs NFROBs NPT s MMD s MNMs HTIMEs FE Oy 00y 31 ZETT ZETTL
SFINsSFINLs TAUCTIMEs TPRIMTLUICONs UCONT « YR 115 hiL sl 1o 2K 0y
A7 101 s AL 110 s AFCL 0D s RFL A1 1D s RLPHR CS 1 s RLPHAT ©S15
EETR<S1>sRETAL CS1) «BF 1015 s BF1 €113 e DEDE 7S12 «DTDEY €Sl e
ECI01Y s ELTCINIYSELI €11 EFINCINLDY sEFINY 110 ERCILD
EE(S1D+ESL(SINEFFSTR VIO sEFSTRL (11D« F L0 v o F1 711
FINTC1Q12«FINTL O o PECSID o PHL (Sl s RE ST o RE L 7Sl
RICHINsRILCS1Y S TOTETR L0102 « TOSTRLICLI LD s 10101 s L1171 L0
EDES R IRESIIOESSRERFILIESUGREINDRSDREFI RSN RERSS RS LX)
EESURES NGB )

e soALCULATE YOID PRTIO INTEGRAL
IF ¢NEL JE3. 2» 207D 1

CRLL IMHTGRLCEs D2« NDFINMTY

IF <HEL. .ED. 2> =0TD T

CALL INTHRL CER<DZ1+NDIVISFINTLS

o .FOF TOMPPEISIERLE FOUNDARTION

eeee LRALCULATE KI COORDINRTES AND ZTPESTEE
PO 2 I=1sNDRIVL

RITeIr = 214005 + FINTLIVDD

CONTIMUE

Wl = w1l - SI1ONDIVE

31 = ELL e &l + 21

W1 = FIMT1CNDIVIY + Wi

ng & I=1sMOIVL

PO = M=2«LEL

C1 = ERCIY - ESIONY

IF 71 .GE. 0.0 SOTO 4
CTONTINIE

EFITPLCIY = RPILCLELY § GOTO S
MM = M=1

EFSTRICI) = RELHY & ‘C1edRIL D ~RIL NN v (ETL (ND—ES L eNNY 3
Untcls» = G & CHiL1=<I1eIx)

TOITRLOIY = ShieWi-FINT1CId + GIlevELLI-J1 <IdY + &1

Uil «I>» = TOXTR!CI» - EFITRLICID

U1cIx = LIy -~ unt D

CONTIHUE

IF «MPL .E0. 30 50TO 13
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...FORP TREDGED FILL

eees s CALCULATE XI COORDINATES PAND STRESSES
DO & I=1sND

NICI) = Z(I) + FINTC(D

CONTINUE

WLL = WL - XIND

W1 = FINT(NID + WLL

DO 12 I=1+HD

RO 9 H=E+LDF

o1 = E<CI» -ESC(D

IF «1 .GE. 0.3 0TO 10

CONMTINLE

EFFSTR«I» = PI(LDF 3 5OTO 11

NN = ~-1

EFFSTRIIY = RIND + CleREMN -RINMNDI Z/ES NI —EZ /NI 2 »
UGCTD = G e ChilL=XI<Id)

TOTETRCIY = GHeWI-FINT(I2> + SSeELL-Z¢IM)
UWeIy = TOTSTRCI> - EFFSTRC(I>

Uy = LWdId - UodCDy

COMTINUE

.. CALCULATE ZETTLEMENT AND DEGREE OF COGHIOLIDATION
IF HBL .ER. 2> GOTC 14

SETTL = RUINDIVIY - HILHNDIVID

UCoH1 = SETT1 - SFINML

IF (NBL .EB. 2» RETURN

SETT = ADy - XINDD
wopgM = TETT -~ SFIN
RETURN

END
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CAMRDOS O
AQO30 e N
ana30avn
NAGRANI M
NOCS Ha3In
NG nag
e 0110
non=nIza
nnosnt 300
TAIGII0
aonNsInLIse
NN YT
ANNRNT 7
noe0130
ANRINI0
NG00
AONI0S 1 007
MDDS0ZEN
aoN30220
ANNS024NC
NON20I30C

ny

SUBROUTINE INTGRL E» DIy NeF>

0000000000000 000008000000000000000000008000000
¢ INTGPL EVALUARTES THE %DID PATIO INTEGRAL TO o
¢ EACH MEIH POINT IM THE MATERIAL. .
0000000000000 000000900000000000000000000008000

DIMENIIDN EC101>+F (101>

«e o BY SIMPSOMS RULE FOR RLL OLD NUMEERED MEIH PDINTE
Faly = 0,0

DO 1 I=2eNe2

Fols = Frl=gs + D2etEC]~22+4, QeEI=-10+E 1323, 0
CONTINVE

.« o« BY TTMPIONS 242 RILE FOP EVEMN NUMREFED MESH POYNTZ
DO & I=deNe

FOIY = Fol=Z + DIEGCEI=2742, 00cEI-20+EI-12H+E[D ¢35, 03, (1
CONTIMUE

... BY DIFFEPENCES FOR FIRST INTERVAL

F2 = DJeE(SZr+4, DeE i +E 40> 73,0

Fe2> = Foay —F2

RETURN
END

]
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AONRONNN SWRFTUITINE DRTOLIT
nan3onync j
AGNRAOGS 6T 0000000000000 000000000000000000008000000000000000060000000 i
DONINO I & DRTOUT PRINTT RESULTS OF CONMSOLIDATIOH CRLCULATIONS AND o i
NDLAINGS ] e PRTE LATR IM TREULRAF FOFM, 1 4 H
AT T CP00QP00000000000008000000000000000000000000000006000000009 )
NOOR00E G0
E OG0 COMMON DRDUDs DUDZ 10« DUDZ1 1 DUDZ21+D2s DT DOCEGCENGELLSELLL >
b, GOOANN2G % SCrGC1sGSs BT 3IRBLsGIIFs SWs HBLsHIF s HDF 15 TN IS, IDUT,
ANORNASN & IOUTSs LBLSLDF s MTIME s NEDI% s HRDIVEIsNBLeNDs HDIYs M1 IV1
NNp=nE e & NFLASs NMs NPPOEs NFToHHDs NHMs NTIME s PKDs OO0 01 s TETT ZETTE ;
TR I B 3 SFIMe SFINI e TR TIME, TRRINTUCONs LICOM1 s YR T 1 s WL s L 15 ZK Os i
nmasnizo B2 A0 s AL 110 s AF Q1O s AF L V115 s FLFPHR WS s RLPRAT 1 S1) e j
NSN30 B3 BETR(SIMSRETAL (S1)sBF 101 o BFL 1103 DZDEVS10 s DIDEL VS '
nan3Intan e EC1010sE1 10T eE1L (1L sEFINCIOL sEFTMY It eEF LD, E
GINAn1Sa & ESuS1y e ES1(SINZEFFSTR IO s FFITRI V1104 F 1010 «F L 11D
TR § AT 2 FINTCIO01) s FINTL (110 o P oS10 s PH L cS1s o RK ¢ S10 e RK1 05130 g
NANERLT0 & R/ oREL1(S1«TOTETR A1 O35 s TOSTRI (LD o101 012 o0 V10 j
nnwInian N EDESYSETININS S S FTINRS NI RN S S X4 &6 N3 DRSS NS 6 j
00Sa1an B ZCEN1Y e 21 (LY |
ONTR S DI f
Qg G .o o PRPINT CONDITIONR [H COMPREZIZIELE FOUNTRTION |
] W2En IF (HBL .ER, 2» BOTO 2 ]
NODSGR AN IF <NFLAS (EGZ. 1> WRPITECIOUTs100) ¢
ONIANEan IF (NFLAG EQ. 0 WRITECTOUTs 102 !
N ELET LWRITECIOUT» 1017 {
OB GSEn WRITE<IOUTs 102> 1
HOGANST DO 1 I=1+NDIVY !
DANSOSD J = NDIVi+i~] !
QONIGEI0 WRITECIDUT 1037 AL G o XIL O o217 DsELI VI sERCII SEFINT C D
O3 e30g 1 CONTINUE
1] WRITE CIOUT« 104
WRITE CIOT 1052
NOAINEIN DO 2 I=stsHDIV1 !
ARD0T40 J = NDIw1+1~T i
O3 WRITECIOLIT« 103y XITC s TOZTRIC D sEFSTRL G o U] s s 301 Vi o db] £ 42 i
angs - z CONTINUE i
q NGB0 =T0 WRITE CIOUT 107 TIME.UCONL ;
1 NNEIN330 MPITECIOUT 1102 ZETTLSFINL i
a0030320 WPITECIOUTS111> DUDZIL )
AN0A0D 00 WPITECIOUTs 112> W1 :
annanatn IF <NEL .E@. 3} RETURPN E
MOIAING2 o |
f
Y -
R I
<l i
;?‘ j
o i
1 j
- ~d
b
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IR vy X
My 2 N

y
ot

DIATEDIE YU

NOP2ARIS 0
MONS0Ks
NLOINES 0
NNSCL N
HI D EDE )
NOTINGIN
GNNIASNH
MAG3INFL0
nAfAINSZ A
ROINTI0
unw=n=4n

nnar=ao

- e -

NONINET0

nnu#uhnn
anr3as1a

ﬁﬁ”#ﬁr-l
OEDTREN]
AQOIAT o0
No3IN>10
ANNSNTI0

NOaN3INTTH
ANREN7S0
0030730
nﬂnﬁﬁeun

onn9n94n
CARINITH
ANBINSEN
NNAIN2POC
NODINZRGT
NOR3NE30
NeE3Iasan

lﬂﬁ
101

103
'c.'
103
104
&
10
e

10b

107
kA

102

3,
109
2
110
h 2
111
112

EDFHQT- THe 1HAs 1D ZHATa 11X IHDs THsBHEINITIAL s 34 1HE s S5

.. .PRINT CONDITIONT IN DPEDGEL. FILL ;
IF ‘NFLAG .EG. 1Y WRITECIOUT« 106D :
IF *NFLAG .EQ. 0 WRITECIOUTs 109

WRTTECIONT 1013

WRITECIDUT 103

00 4 I=1s6D

i = ND+(-T

WRITECTOUTS 103 ACJsaXIvdr s Z¢ s sEL ) sE¢ I sEFING J»

CONT ENHE

WPITE <IOUT 104>

WRITE CI0UTs 1 05

IB S 1=1sND

4= NDO+i~I

WRITECIOUTs 103 XI<ha TOTESTR (I EFFSTR €35 o Ui Lo g UE ¢ty o0 )
CONT IHILE :
WRITEFTOUT 107> TIMEsLCON

WRITE IOUTs 110> SETTSFIN |
WRITE INUTs 111> TWD22
WRTTE<IDUT« 113> WL

oo o FORMATY

FUFMHT(lHlﬁ/f/f14le0;y34HINITIHL COMDITION: IN COMPRPESZZTELES
11H FOUNDARTIOMNs 12 C1He s

FDFNHT-=f?Hs5(1H0)p13H COORDIMATES +SriHer s 12 S0 1kHer s
12 VOID RATIOS «SC1Hel)

HHEFIHHL)

FORMAT v2HeSeF 10, 42250 s F1 0. 32

FORMAT L 1S SC1He o 10H ZTRETIET «SoiHed s PRy SilHe
16H FORE FPREIZIURES «SoiHe3

FORMAT v -85 e ZHXT s Sids SHTOTAL » SH» IHEFFECTIVE » S SHTOTRAL s £
SHITATIC 8 HEXKCED )

FUPNHT 1H1 7w 713 01He) » 34HIMITIAL CONDITIONE In DREDGED FILL»

130iHe> )

FDPMHT--/IG DTHTIME = +E10.9+SHs 2eHTESFEE OF COMIDULIDATION =
Fino. o:

FOFMAT f1HL - /<14 0L HeD « IIRCURRENT CONDITIDONI I+ COMFFESTIBLE

11H FUUNDHTIUHo SUlHe
FORMAT C1HL <7 s D CTHe) s I4HCURPENT CONDITIONE IN DFELGED FILL»

19 1HeN
FORMART (10X 1ZHIETTLEMENT = sF10.3«TxXe 19RFINAL SETTLEMENT = o
FiGa.4)
FORMAT .71 04 S7HROTTOM BOUHDARY SFATIENT = +F10.4
FORMAT <1 0% 27HWATER LEVEL RAEOYE BOTTOM = +F10.49:
RETURPN
ENMI
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AN ooy oC
L araz o
AL OND2NC
NI i
AL DNAS NS
U R T
SulAnaear
N1 00NSH
Nt aGnan
anlanton
LD RIS B RN
ngiogien
nolagt 30
anIOn1gn
ASTONESD
nnlonien
1D RuIih Uil
noyantEn
anluolan
IMMLQNS0n
GRIon=1 00

SUBRDUTINE DRTRIN

P00 00000000000000000008000400000000000600000000004000000
¢ DATAIN REANS THE DATA FROM R PREVIOUS PROGRAM FUMN FROM o
¢ FILE 30 THRT FUTLIRE COMSDLIDATION CAN PE CRLCULATED .
¢ WITHOUT REDOINS ALL PREVIOUT, .
PEPP000000000000000000000000000000090400000000006000000000

ComMMeN

DRs DUGs DUDZ 1 0 TUDZ 11 s DULEE1s D79 DSt « DU EUSEOCCELLSELL L

BURCLs 53y 571y SSFLsBITIF s Glds HEL « HIF s HDF 15 Tte THTy JOUT
IOUTSs LBLsLDF s MTIME«HEDIVs NETII 1 s HRL s MLis HDI Vo MDY 1

NFLAGs NM«NPROF s HP T e MM Li e HHN s HTIME «PK O Q0401 s SETTH SETT L
SFIMSFINLs TALL TIMEs TPRINT « LICON UCOMT s WFI1sbiL s bil 1 ZK O

ROTOD sARIAILYAF 101 s AF L C115 s AL PHA S s ALFHAT 515«

BETRS1Y > BETRI vS10 9 BF (1012 «EF17110 s PEDE S10 s DEDEL 1510 s

ECl01 s E1CL 01 s B3 vl s EFINCINLD oEFIMLI 11D sER 11D
FSiSIDsESL S10 o EFFETR CIN1 S EFSTRPI 11 eF V10t eF1 10
FINTAINII o FINTI O 1D s FECS1asPK1 /S o RECT12 0 PE L ¢T10
PSPPI S0 TOTESTR 101« TOZTRE YLt s Uit QL o 0L 0180
EUESEREATIARSBREIINES IS ENIT' NS B NS HS A S RIS & WS B DX}
SN RS NS B ) ’

NNy REATH THE 1000 HET INGINS« IO IOUTSsLRLLLDF
Fi] DGE FERL v IS 1003 NSToMEDIWsHEDIVI«MDIYsHDIY 1, MEL
nolnnEan REARD INTs 100 NET«MD«NFLAG MIsHND HNHs NTIME
HNLNRESE FPEADCINT» 200> NIT» DR, DUDZ11DUDZ2Ls D2 D21
FEATICTHICE00) MNITSEOMELLsELLLsGCy 301
FERD IANZ«Z0NY MITsmTaRT1s 3SEL s 5EDF « 34
FERNVINT 1200 MHET+HPLsHIF«HLIF1«ZETT+ZETTI
NORRUERIT RERTtCINT NITs SFIN IFINML« TALLTRRINT
NI N02NG FERNIN METoLCOM C 0N s YPT 1 WL s ol 1
angnnzta READ T NET DL GLDE 10 DLW EN
NLOnZED READ CIMI» 2003 MITsZEOFRK Qe D a ]
ANl onz200
O nes4n IF "HEL .E&. 3} 070 2
nnInozsn PO 1 I=1spD
no100 READCIN 3 METsRCI T AR YTV BF CI0sE (T BT (I
1 PERLD . IM ON3 NETYEFIM I sEFFSTRCIF s F I «FINT (L0« TAOTZTR I
AR FERTI CTMS « 210 NITolield oG slr I « BT (I o 2 I
ANTON?S0 1 COMTINUE
3 L NndL o IF 7NEL. E2., 2> =0TO 4
4
P-4
- 1
A{'j
»d
.y
-
ud
t
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T T T

e r o

iy

N ONG L G
nNLRA420
LD RVIRE 2]
nLaedan
no1onaso
A1 00440
ANy o0aTa
DI R Ry
an100430
AN NROS LN
nNtgosLo
agl1oos20
NALODS2N
aeloNSaGT
na1o0ssn
N1 R0Sen
NOLOOSTN
ne1oaSan
NN 00SHGC
M1 Q00000
AMNTO0e L
AOYNOSED
N QOEZN
I L e
ANy QuaSor
any0nenG
Nl anNe?o
At NGRIn
nNyNO&E3I0L
anLNo7on
/106710
eOION7200
NI NO7TI0C

e |

100
200
200

DO 3 1=1,NDIVL

READ CINS 200 NITyRICD +AFLCID 2 BRI (DD HJERCID»ELL D
READCINSs 200 NETsEFINLCIV2EFSTRPE VDD s FLCIN S FINTLCID s TOSTRICD
REARCINSs 200 NSTHUL (D U011 CI) s Uiy (I> s XT17I> 02171

CONTINUVE

IF <MNBL .EQ. 3» 5070 ©

DO S I=isLIF

READ (INSs 200> NST>ALPHA (1Y » BETR (I3 «DSDE 1> sEZ (1> s PK (1D
RERD ¢ INSs 200 NSTsPK /I3 «RS<D)

CONT TNUE

IF (NEL .EP. 2> =0TO &

0 7 I=1.LBU

READCINZ 200> NSTsALPHAL (I3 BETAL (15 s DSDEL (I3 EZL 71D «FKL (I
RERD(INSs 2003 NSTyRK1{I>sPS1 (I

CONTINLE

.. «RESET TIME CONTPOL
MM = NTIME + 1

NTIME = NTIME + MTIME
WRITE (I0UT, 300> NPROE

.« FORMATS

FORMAT (IS, 719

FORMAT (1S, SE13,62

FORMAT ¢~9Xs I0HCONTINUATION GF PROBLEM NUMEER«I4>

RETURN
END
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anLInano SURROUTINE TRVLAT
HIREIR RN
3 a1 ansng P0C 0000000000000 0000000000000 00000000000000000090000000000¢
4 nog o0z ¢ TAYDAT SAYET THE DRTH FROM P PREVIOUT PPOGRAM FUN ON e
: ant o ¢ FILE T0 THRT FUTURE EXTENIIONT TO THE RUN MAY EBE MALDE e
s N1 A0SoeT o WITHOUT PECARLCULATING PREVIDUI COMDLIDRTIDN. . :
N0 RGO CO0P000000000000000000 0400000000000 4000000000000000000000 }
01106700 4
npron2on COMMON DR OUD DUDZL A TLETt Ly DUDZE s B2 NI s DOWEGS EOUN ELLELL Y » f
NNl EnnNIn i3 BCsBC1s BT a B3I s BTRL sy OTINF s Shis HEL s HIF s HDF L « IS IMZ, I0UT. |
. . an1Ingonn & IOUTSsLBLsLDF v MTIMEs NBLIY NEDIVL s HNEL s MT s 141 I o DTV LS f
anyioi1e & NFELAGs Mo NPROE s NPTy MNL s MM T IME s PE G D 11 s TETT TETT L .
S nagioLzn & SEIN«ZFIMIwTRUTIME s TRRIMNT s UCOHs UCOMLs YF Il shit. 1o 2K !
e HLILI0EEN 2 HelDLasRITLI0 e AR (L0 e AF S V11D ALPRE (SL) s RLPHRL 1T o f
1 antinidn & FETRUSIISBETRLVSL s o BF v 1013 o BF1 11 o DIDESL o LIDEL 7510 i
NRLL0ISn & ECIOlssE1C1a1 s E11 412 «EFIN 1010 oEFINL VL1 s ER L0y é
' ARYINgRD % EIvS17 eESL iSIY EFFITRVIDL SEFSTRI V11D s F a1t aFL 1l i
b anyEaTa 2 FINTCIO1D s FINTL 1 1) o PR CS1Y R LI EB10 s PKCSL0aFKL VSl e
1 nngieIEn £ RIS oFI1CS1 o TOTSTROLOL3 s TOSTRPL Y112 s L i 0L all) {210y
anlLLnIan ES LRSS EOEER I NSSRRNIEES WIS ERNIIP RS S FRFIEREIERTS S NS S EX] 1
Ny Lozan # 29101210810
11021 00
NGLLASE G MiT = 1
N1l n MRITECTOUTSs 100 NITeIMNeINTs I0UT IDUTSLELLDF
AR I MHET = N°T + 1
1 Nl WRITECIOUTTZs 1003 NITsNEDIMeNELIVIsNDIVs DIV e NEL
‘ IR NST = NTT + 1
(LI D] | WRITECIOUTS 100 NET«NDNELAG MM« MET NN NT ITME
anginzed HET = HIT +
X 116220 WR ITECIDUTS 205N MITs s DUDZ 114 BUDZE1« D2 DY
1 NGB NLEIN NIT = N3T + 1t
ang103t0 WRITE CIGUTZs 20500 MITHEQGELLsELL1sB3C 0]
NMELazen MET = ST + 1
NOY1IaIz0n WERITE CIOUTE2000 HOTeRSeG21sGIRLsGTDIF W
nG11 0240 MIZT = NHIT + 1
Ny s WRITECIOUTZS005 NETsHELs HIFHDF s ZETTS SETTI
] MIT = H2T + 1
MRITECTDUTZYZ206) NITeSFINsZFINI« TRU TIME TPRINT
MIT = HST + 1
WRITECIDUTS «200Y NITLUCTMNLUCONL«YPT 1ML o Wil
] g1 Nd o NST = MST + 1§
: nnEi0din WRITE CIDUITZe 200 NET«DUOs DUDZ 10« LD gD
E NGLINdgo NYT = N3T + 1
niy10a2n WRITETIOUTSs 200 HIT«ZEQeFE Qs NG
Nyt adanc

. -

AL

By
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]
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4

S AT, Vin el R 4




NN INRYS
NG110450
110470
(I B MIT B
NNY L adEn
nnyL1ason
110810
0110520
LU B R Y1
(LB & RUE Y1}
N1 0S<00
nN110Ss0
AN Las?ya
3110530
ANt 1as3n
NNLL0Ran
Nt INRIn
NNt REsn
TR I AL )
Ny s

nag ] N30
TUS B Y oo
a110eLa0
A1 L07E0
Ny LavENe
NI nTaNn
A1 0TS0
Nn1Yeved

BTSSR iy
nntrozonc
nntinsloc
I B RU=T=A
N LGSZ20
O R Y
NGl NES0
nG110320

fud

100
200

IF «‘HRL .Ef, 3» 6DTD 2

na 1 I=1sND

NST = NST + 1

WRITE CIOUTT«200Y MITsR I s HE i1 s FF (I sECIDsEY (I

NET = NST + 1

WFITECIOUTS 2000 MHET«EFRINCISEFFITRCID oF (I FINT (I, TRTITR D
NST = NST + 1

WEITE CIDLITSs 000 NETaUYT v a0 eI s i o AT (T2 ZA41Y

COMTINUE

IF *NHEL .EQ. 2> &OTO 4

L 2 I=1.nNDIVI

NIT = MNIT + 1

WMRITE CIDUTS» 2003 NETSRICIDoRFL1 VI s BF1 (LI ERVIVSELL (]

NET = NET + 1}

WRITE CIOUTSs @000 NSToEFIMNL (I sEFSTRFICI o F1 eI s FINTYI I o TO3ITSL O]
NET = MHST + 1

WRITE CTOUTS 2002 NSTs U1 e lv Gl Iy eddt <In el T el ]

CONT TNLIE

IF «NEL E%. 3» G070 &

DD S I=lsLIF

H2T = NET +

WRITECTOUTZ 200 METRLPHACIY «EETRIV s DITE I 2ES i Ts PR VT
H3T = NiT + 1

WRITECIOUTT+ 200> NEITeRK (DRI D

COMTIMNUE

IF ¢NEL .EG. 2y RETURN

DO 7 I=1sLEL

NIT = N3T + 1

WRITE A IOLTS 2000 NITsALPHAL (D) sEETALCIY s ISDEL 10 «ESL CID o PRT L
NET = NIT + 1

WRITE CTOUTS» 2000 NST«PK1 12 «PT1rI)

COMTINUE

v o FORNATS
FORMAT (1S5, 719
FORMAT (15:SE13, &)

RETUFN
EMD
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APPENDIX C: SAMPLE PROBLEM LISTINGS

1. The following pages contain sample data input and calculation

results from the two practical applications previously discussed.

v .
B Ly
& e el e

Cl




h
R e e -

2. This page and the next contain the input data file used in

the dredged fill with compressible foundation example.

—
=

RN R CR A A B
4 v o0

[=il }

%40, 0
310,10
I7S0.0
403, 0
cE4n.
azOn, 0
2400, 0
10400, 0

c2

2%, 28 0.0
1.210E-02
1.112E-03
1. N30E-03
2, 44E~- 04

T.61pE-D4

Cl PR CR O EBIONRITIN O A R I

-
4
-
s
m

[
&

1.170F-04
1. 024E-Nd
3. 0HGE-0S

TL.TS0E=05

=T 0 0y &0

0,0

P




300 2.7 3.0 S.0 31 7.0 B&.4
201 7.00 0.0 B.SERE-N3
g A, 95 n.3 2.208E-03
303 £.90 1.0 7.S48E-03
204 B.30 .2 T.200E-D3
NG fool S.9 6,091E-03
06 c.40 2.8 5, 092E-03
an? £.20 13.7 4.176E-03
=03 .00 18.2 3.44ZE-03
209 5. 20 24.2 3.322E-02
2Mu S 6N R 2.313E-032
=11 5.4 44,0  1,32EE-03
H1E S.20 S57.0 1.S7NE-0Z
Y s, 06 7.0 1,.267E-03R
214 4,80 9.0 1, 03ZTE-0Z
1S 4,60 125.0 5.352E-04
31E 4,40 153.0 6.TESE-04
317 4.20 210,00 S.459%E-04
i) I 4.00  274.0 4.27RE-04
219 F.E0 3SR0 RSIE-N4
220 F.EO  A82.0 2.724E-04
221 .40 &00.0 2.21%E-04
T2 .20 790.0 1.7325E-04
e Tdc] 2,00 1030.0 1, 3S4E~-04
224 2.20 1320.0 1.022E-94
325 .0 1740.0  T.488E-0S
326 Z.40 2240.0  S.3SPE-05
227 2.20 2000.01 3.8REE-0S
223 E.00 4nnn,h 2.SGEE-0S
. 1.30 S450,0  1.8S8E-05 :
23N 1.60 7S00G.0 1.034E-05
a3t 1.50 236,11 2, TEIE~0A ;
4nn .8% 2,0F-04 K.0 i
4011 & tn 1.0 4 !
anz A5 3.0 28,0 :
4073, T30 2.0 22.0 H
4nd 1095 2.0 23.0 :
40 1460 1.0 30,0 ;
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3. Below are the calculation results after 2 years. A total

6.0 ft of dredged material has been deposited. Results for the compres-

sible foundation are not shown.

0000000000000 00000 ol IFRENT COMDITIONS IM DREDGED FILLeG®ss00s0080000000e

sosee COOFTIINRTE: eevee seese YOID FATID: eeeee

W 4 2 EIMITIARL E EFINM
S A0aa s.8510 0.7500 7. 0000 . O0G0 7.
SPTI D T 4. Tez2 DRSS 7.0 e, eR1D .
], Gaan 4. 3904 0. 6250 7.0000 AL A551 A,
4, Saan 2.B289 0,525 F.0000 &, 307 S,
4, NG 3,376 0.5000 TG00 6.172% S.
RLS0NN 2.7313 0. 3375 ?.nnh B, 0540 <.
3, 00NN 2. 4245 B, 3750 ?. 0000 5,942 o
&S00 2o DERR N.31E% 2.no0n 5.340% S
&, ninn 1.232% N.25040 ?.0000 S.742e s.
1., Sonh 1.2203 N 1375 T.a0a0 5.847% 5.
1. 0ana D.EN2T 0. 1250 7. 0000 5,591 s.
n, S N, 4n13 0. 082S 7, aann S.96e1 4.
N, i a. 7. a0na 5,377 4.

seoee STREIZET eeeee eoeoe FOFE PRESZLIFEL ecese
EFFECTIVE TOTAL ZTATIY ENCF

0 -0, Qo 5. A7E S, A7 M,
2 d.4341 29,4 .
IE3 v 118,91 <.
A 10,37 ST 147.715% 2,
X 13,3512 25 c 175, 3425 1z,
e 14,3505 220, e300 203,e38% 17.
45 9. pS2e 251,870 st (P-E B R 2.
33 22,4628 228,171 257. 55994 =4.
Rk 27.225% 11,7185 284, 3444 27,
0% 31.1940 240, G247 104537 20,
3 25.57c4 IeR, 2731 Anh,an05 2.

X E 4n, 43272 39, 23T 31,9938 34,
R 45,9778 423, D59 IBe.HETE 3.

TIME = N, 7300E 07 DPEGREE OF COMTOLITRTION = 0., 705Ea91
SETTLEMENRT = 0, 7430 FINAL ZETTLEMENT = 1. 0549

BATTOM EBOUNKARY GFABIENT = -23.,1737
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4. This page and the next contain the results after 8 years of
A total of 14.0 ft of dredged fill has been deposited.

consolidation.

POV 9000000400000¢ LIRRENT CONDITIONT

+ooee COORDINRTES weeee

A
14,0000
12,5005
13,0000
12.S000
1. ANng
11.5an0
11,0000
10,5600
10, Goan

HL RO
S.nunn
SLSNNG
=, 0000
T S0nn
T hnnn
SENnn
nonvan
S.9000
S.0ann
2,3000
G, 0000
Z.E000
. N
S
S BN
1,.5000
1, anaan
B.S0nn
i,

L
-
[0

>

i)

%1
11.3111
10,3350
10,3570

Q9,301

3, 4545

"dh'ﬁiﬂﬂ)hcb&nﬁﬁjyl

.
N

-4

a
i -

b IR N N IR (YR B SV R T |

[ =Y R Y (s s 7Y
— o W (g B

Lallal RO ROV RTUR SOF SO SR I I O3 VR (RE IEN I )

a.

PSS U T G, L

" e IJ

Ao AN

S

s a2 s s s s @
DA~y

5
:
:
=1
S
4
3
1
1
0
0
2

QU= T SR TR IR VNI O O (TR O

- D fu L~
=N

]

S T e bh e ek b b et pb b bk ek b s

A

=

SR RV I I
o Rw BN BN | P

fu =g

o B e B
[ I 196 PR X ]

0, 5000
0,437%
0.327%0
0.312%
0.2500
N 1275
N, 1250
. 0eas

a.

c5

IH DFEDGED FILLeeeeecsseseooscovee

ss0ee YOID FPATINS eeeoe

EINITIAL
7.0000
Ve 0000
70000
V. 0a0n
7.0000
V. aon
7. N0
7L 0000
70000
F.0000
7. 000
e Dy
T.0gnn
T 0o
7. R0n
¥ 000
Te 000G
To2000
e OG0
Te 00
o000
T 0000
To000nn
7. 0000
7.Onnn
70000
7000
7. 0000

E
7.0000
E.ED41
F. ZRSE
£.2142
2. 0302
S, 598
S.27%&
S5.7934
S.7195
S.859210
S.5232
S,.Tz92
s.4729
T.4173

. TESE

. B1ET

LEEED

L2123

o e
IV
Lol B
X -

Lo R R I RN Y]
T e e T

bbb prANNANNNDN
=
(Y]
1]

e « » o 2
i B RO R O

EFINFL
7.0000
B.5182
S. 1520
S.33211

S. 741
5.%52

S

s

5.2

3

S.0

4

4

9

K

4

4

4

4

4

4 oS
4,503
4,957
14,4517
4, 3906
4, 3576
4, X359
4, 309%
4, ndg

PRI -4 |
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fie o
POORAVER SINTUIRN B W%

O =d o da 00 = (00 G0 g o o0 PO T D fa g

0

DO L SO R ET R O B 2o MY IOV (iR 1]

o SR I 3 I PR e S Sy V)

For @ Mol I L it e o oD oD D M D o e

-

DD et = P00 G0 L b B AT T T g g

o000 ITRESSET evees

TOTAL

2
(3]
L)
1%
VR RV Y VYO
Lol SRR B (TR

320, 0694

A3, 22379
356, 12354
418,773
451.13%9
453, 3695
S18.32270
S47, AFT4
S73.6226
AN, 3573
541,11772

572, 0756
02,2423
732.4412
TER. 559
794, 1096
324,1951

3%4. 1212

€2, 3924
913.9127
D43, ASET
TS, 2148

EFFECTIVE
EUNGhIgy
5.33282
3.1534
12,8832
16,1951
12,2020
22. 2050
29, 0774
23,1787
31.012%
32.7218
26, 9
40, 0310
43,0221
4., 3021

24,1177
82,8292
97,0187
7. 65410
102,.9:577

soeee¢ PORE FREIZURET eeecee

TOTAL
75,2935
107,222
133,4047
170.9750
202. 3534
S22, 56732
264, 2821
294, 9871
32%. 07
355.1215
384, 9924
414, 19682
442.3019
472. 29510
S00.7754
S23.9451
STE. 9954
534, 2195

719.33z2
744.7092
770.0035
795.2672
220.4940
45,3317
R69, 3469

STARTIC
75.2995
10%.7245
134,938z
143. 3882
191,2535
g15.6444
245, 6381
ars. 2394
2935375
324.7104
350.529¢
376.1109
401,459
et 8020
451.5274
47¢ . 247
S00.7672
5285.0923
549, 2258
973.1733
S5, 9412
620.534%
642, 3596
647 . 2201
690, 221

713.2674

73R, 06T
752.7102
721.2145

EYCE3S
0.
-1.4333
4,.4666
7.50¢%
11.104%
14,9230
12,6440
22.6977
2F.4232
30.4111
34,4623
32,0352
41.3360
45,6930
49,247 >
52,6970
S6.227%
S9.2272
52,774
56,0452
BaE, 2434
72,7479
75.4227
7?7.4591
79.88¢%
21,9998
84.4313
86,8209
88.1322

S et e

1 TIME = 0.2980E 04 DEGREE OF CONSOLIDATION = 0.765840 !
» SETTULEMENT = 2. 6859 FINAL SETTLEMENT = 3. 4932 3
BCTTOM BOLINDRRY GRADIENT = ~283. 3327
WATER LEVEL RROVE BOTTOM = 12.5135




‘ 1
5. After 14 years, conditions in the dredged fill layer are as {
shown below and on the next page.
!
i
{
0000000000000 00000 LIFFENT CONDITIONT IN DREIGED FILL®ccoeeecsccseetocece :
ssoee COORPDIMSTES eooee sseoee YOIN FRATIDI esceee
" %1 2 EIMITIAL E EF INAL
1, aonn tn.aarz 1.7500 7. 0000 7.0000 7.000n0
13,5010 19, 285& 1.6375 Z.onnn . 4902 6.51€2
1T npan Q. 304 1.62%10 T 0000 6,204 %.1320
12.56an a.4221 1.522% 7.0000 5,930 5.9311 ]
te. Goan Z.2914 1.5000 e QRGH S.5239 B.740%
11.5a600 2, 8593 1. 4575 Fo 00D 5. ca04d 5. 5825
11. 0000 2, 1545 1. 3750 7. AnnG S5.9734 5.4%£%
E {0, 5000 T rdesy 1.2125 T0006 S.481¢2 S5.341%9 :
10, Qa0 7. 34 1.2500 7. 0000 5. 3945 5.2%6% -
ERENIT 6,947 1.1875 7.0000 S. 3161 S.1447 :
S, RN £, S5 1.1250 7. 0000 S.2447 5, 05494
ER A sl 1. 0625 7. 0NNn 5.1791 3,982 0
3. Nnnngo S, 732 1.0000 T 0000 S.119¢2 4, 32z¢
FT.o000 S.4018 0.327% 7. 00N S5l 0648 4,502
T.ORNR0 5, 1242 0, 3730 7. 0000 5.0124 4,807%
BSORD 4,543 0.z129 v. 0000 44,3561 4,755
A, 0000 4,754 0. 75400 T.0000 4,.921¢ 4,703
S.5oun 3,058 Q. RE7S 70000 4.380¢ 4,661%
S.0000 2,547 0.na2sn . AN 4.3407 4.514%
4,500 31735 0. 5825 7.0000 4.3031 4,5754
4, 0000 2.3179 R.90060 70000 4,7671 4,5399
3.9000 2. 45 0.4375 70000 4.732¢ 4,.502%
2,LG000 2.10 0.375¢0C 7.0000 4.593% 4,467,
SJE000 1.74 i, 3125 7. 0000 4,5657 4.4317 1
SN0 R 0, 2500 T 0000 4.6337 4, 3956
1.5 0.187% F.0000 4. 5026 4, 3576
1. 0000 0,1250 7.0000 4.5721 4,389
n,s001 0, 2459 3, 082% 70000 4,54273 4, 2095
0., o, 0, 7. 0000 4.%1321 4,2804
L}
4l
<} E
4:“
" Al
- d
N
_d
K|
c7
{




0000¢ STRFEISES eeeee ooooe PDRE PPEISURES eecece
x1 TOTAL EFFECTIVE TOTAL STATIC EACEZS
10,3072 120, 4730 -0, 0000 120, 0790 120,079n 0.
in, 3292 156, 3912 7. 2659 149,.7253 130, 1662 -, 440%
ERRLT-C ) 192, 4441 13,0394 179.3443 173.7941 N. 5501
9.4231 2&8, I3aT 13,9267 202.4030 206,4547 1.3427%
5.9918 SEN. RTHY 24, 0092 235, 2639 232,3797 3,296z
2,.5894 S9%.2430 29.4047 2h4.4443% 25%,. 7240 4.720%
21942 T R 34,3643 29z.1784 285,.5%27 6.5257 A
TeTdez 352 W 180 319.2141 311, 0551 3,153
Ta 2445 2230 44, 3598 46,4000 336,1%597 10,2404
6,474 422 3 49,4522 3Te.2152 360,942 11,9724
o, 5543 453 el 54, 02sT 339, 5379 38%.4243 14,1532 @
5, 15cn 424, 7N 95, B0t 425, 0647 409, £3589 16,4055
b S.7e: S15,. 5588 B3, 4643 45, 0739 4332, 6388 18.43%1
S.4016 S4B, 1200 B7. 2514 478, 2586 457, 2951 20,2538
S. 0242 STE. 4358 71.3223% Su4, S6£7 420, 452 23,6215 .
06, £731 76,9004 SS9, 7737 S04,3041 25.474¢
B34, B8 &1, 927 554.5949 527.484¢ 2v.210%
[ iR, S22 86. 7807 S79.7421 550, 4972 29, 2443
A 63, 2025 31.3134 504, 2844 S73. 3982 31.S21¢€ *
= va3.7327 a5,5397 €30, R93S S95, 0577 34, 1357
e 7951122 160,7733 654, 3453 £18. 5152 35.7261
2. 4558 VR4, 267S 105.3260 673.541% sd1.042% 37,4250
c.1014 213.4721 110,7213 v02.7Vens 6683, 3321 39.4222 3
1.7462 242, 4665 115.4777 728,9392 655,4912 41.4%772
1.3%21 E71.3254 120,1077 751.217¢ 707.5254 43,6922
1. 0420 AN, 610 124.6242 TPS.4359 729.4350 4o, 0002 A
N, 923 BT BTES 130.2925 7%, 3341 751,2265 47.157%
n, 2455 ST 1748 135, 9520 221.216e 772,899 42, 2170 N
0. I8S.5574 141.5151 244, 0424 v94. 4574 42,5349
-
TIME = 0.53110F 04 DESFEE OF CONSOLIDATIDN = 0.2126%5%
SETTLEMENT = 3.1827 FINAL SETTLEMENT = 3. 4988 v
BOTTOM eOUNDARY SFRADIENT = 22,4455
WATEFP LEVEL AROvE BOTTOM = 12.7317 t
¥

c8

: « g g 4 e e b -M--_—-v
T Sa—— R 3 ) T o ] W0

e



6. The input data file for the soft compressible layer example

is given below.

100 11 1 &
10t t =
e Z.EN 20,0 21,0 3% TS.0 SO0.0
=01 3,00 0.0 1.210€E-03
202 2.95 L& 1. 112E-03
203 2.an 8.3 1.030E-0%
204 2,55 14,0 9,494E-04
3 209 2.20 19,6 2,954E-nd
] 08 .75 25,4 S.Z34E-04
4 207 z.7a 2.0 7.516E-04
20 .65 32,0 T.O0NE-D4
; 209 2.60 5.0 6. 392E-04
4 210 2.5% 83,0 S.725E-04
211 z.s0 H.0 S.227E-04
212 2,45 5.0 4, 65UE-04
] 212 2,40 104.0 4. 234E-04
214 2.35 128.0 32.830E-04
] 218 .30 154.0  Z.4SEE-N4
; S z.3% 150,00 2. 0%8E-n4
217 Z.20 232.0 2.726E-04
i e 2.15% ERE.0 2.44%€E-04
213 2.10 344,02, 1R0E-04
20 2,05 $20.0  1.344E-04
¢ 221 .00 S16.0  1.T14E-04
222 1.95 &40.0 1.512€-04
2% 1,90  TRO.0 1.323SE-04
2z24 1.85 950,00 1.170E-04
229 1.80 1166.0 1. 034E-04
226 LTS 1400, 0 9. O00E-05
227 1.70 1700, 0 7,T20E-0S
225 1.65 2040, &,634E-0S
29 1.540 &540.0 S5,852E-0
30 1.5 200, 0 S, 112E-05
23 1.50 I7S6,0  4.392E-05
232 1.45 4G, 0 3, TTIE-0S
233 1.40 S5S540.06 3, 1S7E-0S
34 1.35 6800,0  2.73BE-0S
23T 1.230 S400,0 2,3I33E-0S
A . EETY 1.25 10400, 0  1,987E-05
200 noo 0 1 0 8z.4

a6 0 0

n 1. 0E-02
1N 1.0 3
3RS Son,0 1.0
TR2a S5ap,0 21,0
1095 0N, 0 1.0

o 8
e e B e
— e

D
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a
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=
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7. Conditions in the compressible layer after 3 years are shown

below.

The total layer depth differs from the input value slightly due

to the iterative method of calculating the material coordinate and the

fact that Lagrangian coordinates are reset to match the material

coordinate.

9900000000000 o IRFENT CONDITION:

oooee CDNCPININATES eesee

w1 2

12,5932 6.4379
15, 73532 5,331
14,3337 S.1903
13, 11ind 4.3415
11.0749 Z.8928
9, 1393 2.2440
T.2202 2.5952
5.2413 1.9464
5022 1.8978
1.7272 f.6423
0. 0.

soeee STREITET eeesee
TDTHL EFFECTIVE
1575, anan
1047 .32324
7e0,332s%
S957.23211
S17.3195
STe.A402
TOZ,. 3944
206, TSE4
1825, &271
1223, 8427
2282, 1446

TIME = 0.1029%E 04
TETTLEMENT = 1.383232

BOTTOM ROUMIFFY GRADIENT

Clo

WRTEP LEYEL AROYE ROTTOM

DEGPEE GF

sseee VOID RATIOT

EINITIAL
2.4344
2.311%
E‘.._l;-4
. 1450
2. Rk
2. 032
1.9991
1.9711
1.3435
1.917¢
1.39z¢

seoee PORE FRESIURE:

TOTAL
143,.23102
202, 13222

123738.9455
1734.2150
1987, 9202
2103, 041
2185,6924
1554901
2021.17°132
1749, 7319
1331.3724

Xy
s~
E o~

@ g O 0 g
LTI

L B TURL J KRN |
W~ b

ETATIC
1453, 3102
262. 0543
3?%.5344
4I5, 1732
613, 23912
van, 3203
259, 5%40
SFT .00z
1091 .4200
lﬂ'kn'fqa
123tG.4000

COMIOLIDATION =

FINAL TETTLEMENT =

209, 14782

21. 00090

IM COMPRESSIELE FOLINDATIONeessececsscoe

(A2 2 L2

EF INAL
l.7208

1.6963
1.6362
1.6755
1.654%
1.6541
1.6455
1.6382
1.6202
1.8236
o090
EXCEZZ

=0, NHNN
&N, 0452

1060.4121
1362, 7207
1202, 2334
1172, 3492
az%. 13
547.2020

21.5784

ro—

TR W wgy W W e gy e
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7
8. Compressible layer conditions after 6 years are shown below. !
)
3 9000000000000 LIFFFNT CONDITION: IN COMPRPEZZIEBLE FOUMDRTIOMHeeesosscecoce .
soeee DIURNINRTES eeeee esooe YOIT FHTIO: eecesce
§ 8 z EINITIAL E EF IMAL
13,9329 A, 4373 Z.4344 1.7203 1. 7208 :
17. 7527 5. 2331 2.311% 1.7615 1.7 ‘
15, 6632 5.1903 2.21324 1.7970 1
3 13,8065 4.5415 2.14%0 1.3217 1 i
4 11.57:4 3.3923 2.0852 1.2303 1 ]
3.5%33 3.2940 2. 0349z 1.2221 1 ;
T.5415 2.595:2 1.9991 1.7972 1 ;
] S.7047 1.3464 1.3711 1.7601 1 '
3. 7S681 1.297¢ 1.3436 1.7154 1
1 2 0. £485 1.9176 1.FE3A 1
0 o. 1.3930 1.56243 1
seeee LTREZSED eeeee o000 FOFE FFESSURES eeece
®1 TOTAL EFFECTIVE TOTAL TTATIC
17,3417 TS 1575. 0201 120,215 130,935
1 16, 1¢ 29 1344, 9952 504, 7340 IN1.2173
! 14. 3 7S SE3 50,5745 414, 3635
] 17,5 TETS 1088, 52338 1252, 93244 S2e.1403 ¢
10,7 112 1020, A543 1472.4571 B4, 62584
R, 2E 47 3E 1067. 007 jeea 4.n= TSF.1116
7.0 4% 1173, 2935 1709, 74449 BTN, 9098
%.2 5421 1351, 6283 1715,3537 932, 4260
F.4e 2S2.86T0 1607.7970 1644, 4700 1094, 23880
1.7 424,1201 1913, 7376 1520, 328S 1202, 2632
. £14.1238 2292.0714 1222.051% 1310,4000
TIME = Q.2190E N4 DEGRFEE OF CONSIOLIDATION = 0.7622&1
TETTLEMENT = 2. 0402 FINAL 3ETTLEMEMT = 2.6774
EDTTOM ROUNTARY GRADIEMT = 431, 5586
) WHTE® LEVEL REOVYE ROTTOM = 21.0000
i
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